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THE POINTING POSITION THE HAND 
PATHOLOGICAL AND PRIMITIVE 


(Fron Psy tatric-N ycalH pital of ty of Uti 


symbolic expressive movements may divided into two 


r 


groups. 
primitive biological behaviour. the movement threatening 


one them belong gestures which clearly show their origin 


with the clenched nothing but the beginning attack. the 
affect increases, the threatening with the fist may change into 
the adversary 
contrast with these gestures, representing the beginning the 
decrease purposive movement, are others, less frequent, the 
relation which some biological situation not clear. Why, for 
ample, has the military salute the well-known form elevating the 
right hand the forehead? here with mere 
founded tradition, this gesture based upon biological 
physiological mechanisms which are preferred other motor com- 


plexes the given psychical situation? may believe those 


which use kind colloquial language have least 


local social historical cause, yet most cases are unable trace 
the biological origin such symbols. 
the following pages will try, starting from some ontogenetic and 
pathological observations and experiments, explain how that 
vhen indicating some object with the characteristic position 
pointing: right arm fully extended, the back the stretched hand 
ipwards with the index extended and the other fingers flexed towards 


finished the proof paper his pupil, Hans Cohn Weitere 
paper also mentions the provocat the pointing does not discuss the 
lex character of phenomenor 
BRAIN 
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the palm, either clenched fist, hanging inactive. was led 
this problem the observation that the characteristic position 
pointing, which make voluntary movement, which excited 
automatically synergy, which seen various extrapyramidal 
lesions spasm (see below), may also induced definite method 
reflex. 

This observation was first established the following case 

imbecile, and had never walked talked normally There was 
pallor the optie dises. The pupils were unequal and immobil 


conjunctival reflexes were absent Visual LcUults 


Articulation was defective and the protruded 


erKing movements of the head and limbs, varia 
tendon-jerks. Co-ordination was with 
The right plantar response Was extensor, the left 1 
ippeared normal, 

The pointing position the hand was best elicited with the patient 
propped bed, the arm flexed and pronated and supported 
pillow, and the fingers almost fully extended. ‘The patient was told 
shut his eyes, and the endeavour was made divert his attention from 
the procedure described. The index finger was then stretched 
the observer. Thereupon the remaining digits actively flexed, the middl 
least, the little finger most. releasing the stretched index, the 
pointing position the hand was maintained fora brief interval. 
passive movements the index evoked similar response; rotation 
the index its long axis. Moderate degrees passive lateral 
deviation the index (ulnarwards radialwards) evoked less 


The converse reaction, namely, active extension the index when 


response than stretching (fig. 
the remaining digits are passively flexed the palm, did not 
pressure, thermal and electrical stimuli applied the 
tended index did not elicit the pointing position response, i.e., active 
flexion the remaining digits. 

Thus the characteristic pointing position the hand was elicitable 
deep sensory stimuli arising the neighbourhood the joints 
index finger, comparable stimuli the other digits being without effect 

The phenomena thus described were observed the right hand, but 
less ample and slower response the same nature was also obtained 
from hand. both cases undue frequency stimulation led 
fatigue the response, more readily the left than the right hand 


2 
tongue Was restless There 
4 
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Under favourable conditions, after rest, was often observed that 
the pointing position were provoked the right side, the same 
position simultaneously, though less obviously, appeared the contra- 
lateral hand (fig. any movement the index its distal 


joint was seen, but distinct flexion the other fingers could 
observed, the thumb going into flexion-adduction position. did not 


sueceed exciting the crossed phenomenon the right side from the 


gut 
4 
a 
extension the index induces pointing position the hand; the 
the thumb assume positions while the index remains 
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left hand. ‘The contralateral pointing fatigues even more 
rapidly than the ipsilateral phenomenon, and after three four repeti- 
tions the mechanism exhausted, recovering relatively early from 
fatigue. When the passively flexed position 
for longer time, slow movements the fingers set in, which resembled 
the athetotic movements described slow alternating 
movements flexion and extension the 

These movements might perhaps interpreted voluntary move- 


ments the fingers resulting from uncomfortable position the 


assumed, and their regular production movement the 
index indicate involuntary activities. 

have first decide whether are dealing with retlex 
similar question has been raised Carl Mayer 


hecome accepted aid the diagnosis lesions 


system above the level the cervical cord 


— 

eginnit )}and the end (4) of a series of } tographs which show the 
ippearance the pointing position the hand 
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need not consider, discussing the pointing the 
objection that the not reflex, but 
conscious pain reaction (A. Meyer), for the adequate stimulus the 
‘pointing does not excite pain, while painful stimuli not 
elicit it. Nor can due mechanical effect without participation 
the centrally excited muscular contractions, normal adults even 
violent passive stretching the index does not excite bending 
the other fingers. Moreover, the fact that can provoke the point- 
ing position contralaterally shows does not depend merely 
mechanical relations 

purely voluntary movement proved the 
‘ase the phenomenon was always more distinct 
than the other, and that after short 


ons fatigue ensues, disappearing quickly after 


position result Withdrawal movement 

something that order, for painful and thermal stimuli provoking 

not excite it. Further, stimuli which excite the pointing 

the index remai any when applied the 
othe 

ulus necessary evoke the pointing position 

reflex character the point- 

specific stimulus 

functionally connected group 

imultaneous movements are excited 


position) which can also 


was cinemato- 


constant velocity 


xteen pictures per second). imulus was the application 


the index; this was easily visible the the number 


between the the forceps and the first visible 
position the ulnar fingers relative fixed there- 
gives approximatively the latent time the reflex. 

This interval averaged between three five pictures, the latent 
ime about 0°25 second. the latent time joint reflexes 0°20 
second, and tendon reflexes, the patellar, about 0°05 
second the reaction time the pointing belongs the 


first class. 


hand 
voluntary purposive reaction. 
order determine its reaction time, the 
recorded, the film being moved with 
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This points also the reflex nature the reaction, and suggests 
that may reflex which can influenced cerebral mechanisms. 

must take into consideration here the co-existence Eigen- 
reflex,” described Hoffmann That the reaction not 
simple shown the fact that the latter unilateral 
only, shows practically fatigue, has short reflex time and appears 
pointing reflex has functionally position intermediate between 
voluntary movements and the relatively fixed extrapyramidal motor 
disturbances, which also give rise the typical pointing 
position. 

may emphasized that, according Forster athetotic 
movements the hand the striate syndrome show tendency 
towards flexion, ulnar adduction and pronation. ‘The similarity these 
movements the the hand pointing towards distant 


object obvious. 


Goldstein and Bornstein describe case, probably with 


striatal disturbances, which the right hand becoming rigid 
assumed the pointing position, while after recovery from the 
involuntary movements appeared, which produced the same charac 
istic position the fingers. another patient, aged 14, who 

with epilepsy after injury the head, the authors state 
pointing position occurred final tonic attitude during the 
fit 

Meyer likewise observed the typical pointing 
child with cerebral infantile paralysis the right arm during 
phase the epileptic fit Similar cases reported 
and Lowenstein are cited Meyer. 

paralysis agitans. 

have observed this pointing position habit position Habitual 
Stellung several normal children between and years age, 
especially when the arm had been stretched against gravity. 

the following case was able show, under certain conditions, 
interesting transition between the pointing position reflex 
phenomenon and spontaneous habit position. 

The patient was epileptic, aged 20. His physique was infantile and 


poorly developed. His intelligence was that boy years, and there 


were epileptic changes his had frequent fits 


3 
ae 
we 
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any aura, which fell the left, his eyes turned the right and 
his limbs were convulsed. His pupillary reflexes and vestibular reactions were 
normal. There were variations muscle tonus his arms and legs, athetotie- 
ataxic movements outstretched fingers, and phenomenon 
was more pronounced the right than clonus could sometimes 


obt Lined on both sides, but the plant ul reflexes were indefinite. 


the one hand 
eries olf active movement 


obtained only 
thea 
the hand extended 
not then obtained. found, how 


nic contraction could prevented and passive movements 


pposite arm. and | could then obtain the pointing reflex 


The patient was seated and hoth arms were supported soft cushion. 


\ screen was ] laced in iront ol one h und so that he could not sce it. When 
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The pointing reflex the muscles 
normal and the passively 
muscles contracted oluntarily the 
reflexes could ever, that this 
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open and close the hand could see involuntary movements the 
other hand occur, first and extension the little finger, then the 
fourth finger, and finally all fingers flex the metacarpophalangeal joints 

the other hand assumed slowly the pointing position, 
and then the and third and 
This most readily when the arm was supina 

voluntarily assumed the pointing position with either hand the 
the other hand passed into similar position. This 
Was pronated ol supin ited 

basal joints only, and 


9 
(the 


Was 


These observations show that voluntary movements one hand 
this patient excited movements and attitudes the other hand which 
are similar the pointing position. The movements excited the 
resting hand tend correspond those the moving limb. When 
the reaction feeble the attitude tends the pointing position, when 
strong the 


grasping position 

This influencing the tonus one extremity contralateral acti- 
vity accords with observations have described which provoked 
increase the tonus one arm causes shifting the tonus equilibrium 
from one side the other, and disturbances the innervation the 
contralateral arm. 

The pointing position can obviously excited motor mechanism 
difterent levels, and therefore probably represents functional unit 


Goldstein and Bornstein have come the same conclusion fron 


their investigations analogous spasms, but the question whether ther 


special the pointing mechanism cannot discussed 
here. 
observation with children 

have pointing synergy and are able point 

give the following results: you ask them, e.g., Show the glass, 
when glass before them within reach, the first reaction almost 
always grasping and offering the object. forbid the grasping 
the object and tell the child point only, often see that in- 
voluntarily begins grasping movement. the object lies 
reach the child tends not merely point it, but run and grasp 
and bring the glass the experimenter. Only when the child 
sees that cannot reach the object reacts the question: Where 
that pointing. can, however, provoke grasping 
instead pointing under the following conditions: the experimenter 
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arranges number objects before the child, that can them, 


and gives his commands as: the the 
quickly succession. this means make the child 
perform series movements quickly, sometimes involuntary grasping 
instead the movement pointing appears. The pointing position 
the hand appears where the act grasping, which, 
biologically more primitive, either suppressed pre- 
vented external conditions. assume, therefore, that the pointing 
position modified grasping, that probably originated 
enfeebled and modified act grasping trying reach object 
vhich reach extension the fingers and you tell 

grasp object, lamp, which hanging too high, 


fingers towards the object. the 


stretches his hand and all 


sition the hand expression the tendency grasp 


ions where grasping impossible. Pointing partly 


enfeebled grasping, partly means extending the grasping hand 
towards the unattainable object 
Considered symbolical expressive vesture, pointing sublima- 
pointing towards object has 
it; pointing towards the object 
over the act pointing ma) 
iscular contractions and the relations 
hand. 
the fingers 
The increase flexion and tonus 
when pointing tically towards 
disputing with 
index extended 
But 
hand assume 
yppone nt 
ening the fist gradually the tonus 
before the ulnar fingers. 
fingers together closer synergic 
with the index. The transition from grasping 
must, therefore, begin with the index advance 
the other fingers the change position the while the other 
are still tonically flexed has begun extend. Later, when the 
ther fingers are still slightly flexed, the index fully and 


extended. 
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regard these relations between the mechanisms grasping and 
pointing example fundamental, functional correlation between 
all the characteristic movements and positions the fingers. may 
looked upon synergy, occurring very early evolution 
and representing purposive action, like grasping, climbing the 

will be, however, more advantageous study the development 
these motor mechanisms childhood than indulge biological 
speculations. observations and experiments newly-born and 
older children found that the pointing position habit position 


and reflex movement develops from the original mechanism 


grasping. well known that the hand the new-born 


venerally assumes the fist position, with the thumb covered the 
strongly flexed fingers. When the open hand touched closes 
reflexly immediately, the so-called grasping reflex; this met also 
forced grasping and groping disease the frontal lobes the 
and lesions the basal ganglia 10), 

newly-born children, who clearly showed the grasping retlex, 
could not elicit pointing reflex. The reason for this does not lie 
any mechanical factor, states, but the fact that 
grasping synergy the hand whole still too strong. 

The hand new-born children only moves non-differentiated 
whole. when the flexion tonus the hand passes off for moment, 


pull applied the extended index, any other finger, all fingers 
flex again into fist. 

The pointing reflex absent the new-born child because 
grasping reflex still predominant, and because the tendency 
stretching separate fingers not yet developed; this occurs 
with the anatomical and functional development the pyramidal 
system 

normal children about the age years, could always 
demonstrate pointing reflex. tothe 5th 6th year age 
phenomenon. younger the children whom the pointing 
reflex was elicited, the more frequently was observed that reflex 
the fingers was excited not passive overstretching 
the index but also extension the other fingers. The pointing 
position, reflex which can produced only from the index, seems 
develop from the grasping reflex. While the tendency flexion 
predominates, may still excited non-differentiated stimuli 
then voluntary impulses begin determine the pointing position 
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whole. when the pointing position appears habit position, 
only differentiated stimuli, applications the index, provoke the 
flexion the other fingers. these stimuli also lose their 


excitatory effect, and the physiological total process corresponding the 


pointing position seen only the characteristic pointing position 
the hand which automatically assumes voluntary initiation the 
symbolical-expressive gesture pointing 

noteworthy that the pointing may observed the age 

which also the hand-arm Leri and the finge 

thumb reflex Mayer appear, that is, according Goldstein, only 
the end the second year The end the second year 

which the normal the great 

hanges into the normal plantar flexion reflex not yet 

‘lear how these coincidences are explained, but everything points 

the conclusion that particular mechanisms such grasping 

form unity, considered physiological mechanisms 


of behav 
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PROGRESSIVE POLYNEURITIS, WITH 
FATAL CASE. 
HERBERT HYLAND 


ND 
NI 


RITCHIE RUSSELI 


REPORT 


Cases of chronic polyneuritis may rarely progress so stea 


gradually give clinical picture which superficially resembles that 


progressive muscular are the rule, 


the 


case here reported there was period improvement and 


occurred about year after the onset. 

Sorgo described case recurring polyneuritis 
first attack paralysis developed progressively during 
months. 

Barnes described cases toxic 
neurones simulating peripheral neuritis 
interest: female, aged 21, 
followed rheumatic fever and became prog 
difticulty swallowing and speaking improvement the 

Grinker described case progressive polyneuritis 
aged 65, who had suffered with colic. atrophy 
the muscles caused death without remission nine 
revealed changes only the peripheral nerves. was 
tion the white columns the cord. was shrinka 
anterior horn cells and change the Nissl 

most suitable term for describing this type case. 


severe cases. 


spec 
wel 


7} 
sAnrin 
qaurin 


1d pa 
Autops 


i 


legenera- 


the 


male, aged 31, whose symptoms came 


appearance large purpuric blotches the legs. Some 


the 


calves preceded progressive paralysis which increased 


severity for twelve months. The arms were not affected 


months after the onset. examination seventeen months 


ntil nin 
after the 


and 
‘ 
vhich the 
ne iowel 
Li¢€ 
pe qa, wit! 
rrea 
painter, 
4 
was the 
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onset, there was almost complete flaccid palsy feet hands 
and wrists. All deep reflexes were lost and there was some 
the periphery all four limbs. cause was found. 

The second case reported was girl, aged 15, who became 
gradually weaker during twelve months until all four limbs were totally 
paralysed: she was unable raise her head from the pillow and her 


facial and masticatory muscles were weak. Apart from slight 
the commencement, there were sensory symptoms. improve- 
ment occurred until eighteen months after the onset, when she slowly 
began regain power and recovered completely another two years. 
this case also cause was found. 

The case which the subject the present study was admitted 
the National Hospital for Nervous Diseases October 10, 1929, under 


Dr. James Collier 


REDHILL RECORDS. 
The fundi were normal 


ght nystagmus was present on 


Mrs. C 1 45 She compla ed of paralysis of the rins and legs, 
reatnlessness i spasins ol cl king She was hardly able t speak OWINg to 
ssment, the story was mainly obtained 
she particularly good health other was 
know had heen for seventeen years. There had been two 
nis ges but children 
Her father died age” mother died mental hospital 
“1 5D. > S i ‘ ere alive ana well none h ive died 
habit onl arely takes aleohol, has appetite and 
| N taet with ap ssilble nw ise 
Kes \ ( ( Wil i possible poison Was dIs¢ yered 
year ago she began complain that evervth 
that she readily beeame exhausted. the same 
time over the left her face and neck began 
nee nd spre id g lualh n the course ot si weeks ove the side of her face. 
then gradually receded, disappearing first from the and last from the 
there was no temperature or marked mataise; no crusts or oozing 
The eye was not inflamed and no sear was left. There was severe local 
itatlo W ch kept her awake at night 
Ten months ago she would complain that her arms weak when washing 
Thereafter the muscula Veakness became progress vely worse Her knees 
Cave Way . hive n ths ago and since then she has heen u vabl to walk. 
Her arms became worse and she was admitted Redhill Hospital 
4 * 
Edgware) June (four months ago), where she till 
\ugust 1929. 
there was no temperature ne vere 
reacted normally. looking the 
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right. Marked hippus was present. The patient was unable stand owing 
great weakness the legs. The upper extremities were almost powerless 
contraction the biceps pectoralis major could demonstrated 
either side. She was able move the fingers little both hands. Some 
wasting the interossei was present. 

The responses were normal the muscles the legs 
\ll deep were absent. There was loss sensation. The 
limbs were hypersensitive pressure 

The fractional test meal and blood-picture were normal. stippling 
red-cells Was seen. 

The Wassermann reaction was negative in the blood and cerebix spina 
fluid. The latter contained one cell per c.mm. 

She was seen Dr. Russell Brain July 23, 1929, who diagnosed 
condition toxic polyneuritis 

While Redhill Hospital she continued beeome weaker and her husband 
took her home, where the downward progress continued steadily. There 


apparent period improvement throughout her illness. She con 


pletely powerless her limbs and during the last two months her life 
numerous choking attacks which more and more frequent She 


developed great distress during these and became very 
also had swallowing 
Patient stated that when the weakness the hands commeneed 


with feelings pins and and numbness both hands 


Clinica CraMINGaLOW ON admission to the N itional Hospital, (Juec 
Square.—The patient sits propped bed. Her breathing laboured 
her face cyanosed The respiratory rate per minute, the pulse rat 
110 per minute and the temperature 99° She has frequent spasms 
silent coughing during which she greatly expulsi 
of some mucus from the larynx is followed by some reliet Speech is clear b 
owing breathlessness. 

Cranial nerves.—Visual good. The dises and are healthy 
The pupils are equal, central, circular and regular outline They 
briskly direct and consensual light, and 


Tl 4 
external ocular movements are full. rhere is fine horizontal nvstacmus o 


looking both to right a1 d left, tne quick component being in the direction « 


The corneal are brisk and equal loss 


over the tace was discovered. There is no facial weakness or palatal } 


pal 

The sterno-mastoids act with respiration, but are weak. The trapezii 
very weak. The tongue protruded straight and shows atrophy tremo 
funet patient utterly helpless. The upper and lowe 


extremities are flaccid and motionless. The only movement possible the 
the right hand, and this very slight the are son 

what atrophied and this particularly apparent the small muscles 


hands. 
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The muscles the trunk and neck are also largely paralysed. Her neck 
unless supported falls forward. With each inspiration the head moves forward 
with the contraction the sterno-mastoids. fibrillation was observed 

biceps, triceps, supinator, knee and ankle jerks are all quite 
ibsent. The plantar responses are both flexor. There was incontinence 
ine while hospital 

functions.—Sensibility pin-prick was tested without eliciting any 
iphe ral other loss. Pressure the calf and hand muscles causes great 

The soles the feet are very sensitive. 

Changes are apparent 
Examination the heart shows abnormality. Numerous moist rales 
heard allover both lungs 


Her breathing became more and more embarrassed Abundant 


; 


othy expectoration was brought with great difficulty and exhaustion 


She died t » davs after admission, on October 13, 1929 


The nerves the arms were definitely larger than normal throughout their 


tent from the brachial plexus downwards and were pinkish colour. The 
atic nerve was lso pin ‘ish but was rather smaller than normal, though 
bly e rounded in sh pe Pieces of the ulnar, median, sciatic, musculo 
internal cutaneous nerves and brachial plexus for 
Several the dorsal root from the cervieal, and 
were removed with the cord. Pieces the biceps brachialis, biceps 


ibye ! ve brone pneumonia and mut cect 
Tl showed nothings bnormal n acroscopic uly. The thymus macro 
lv was definite It w firm and pinkish in ecolow Microscopically 
] e amount of thymic tissue remained but nothing abnormal was 
e 


the ly, ng abnormal was noted Microscopically 


hle unt congestion was present and some fatty change 


EXAMINATION DR. GREENFIELD 
HOURS AFTER DEATH 
The body ell-nourished but some wasting the fore-arms was evident 
small muscles the hands were soft but not obviously 
The brain and spinal cord were removed. The brain was quite normal 
ppearance The cord in the ipper a sal region wppeared rather softened 
L hie nterio nd to a less extent the posterior roots of both the cervical and 
mbar enlars nts were grevish but not atrophied 
7 } en. The right lung was partially collapsed in its lowe) 
that fairly large pieces sank water. Apart from evidence early 
ne pneu mia n the collay sed areas the lungs elsewhe re appeare healthy 
examination the right lower lobe revealed large area collapse 
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throughout the lobules. little cellular proliferation was evident around the 
portal spaces. There was evidence cirrhosis. 

The spleen macroscopically was normal apart from evidence mild venous 
congestion. The kidneys, macroscopically, showed only some passive con- 


gestion. Microscopically other abnormality was noted. 
The suprarenals merely thin-walled empty capsules. 


EXAMINATION THE NERVOUS SYSTEM AND MUSCLES. 


PERIPHERAL After ten days’ fixation per cent. 
formalin, pieces the median, ulnar, musculospiral, sciatic, internal cutaneous 
nerves and brachial plexus were imbedded these 
nerves were also cut the freezing microtome. Longitudinal and transverse 
sections were stained with Gieson, and eosin, 
Scharlach R., toluidin blue and the Weigert-Pal method. 

examination the nerves all showed the same 
changes, differing only degree. Longitudinal sections the median, ulnar, 
sciatic and brachial plexus revealed extensive areas myelin 
degeneration. The myelin was seen beaded and irregular many places 
infrequently absent almost absent over quite large areas. 

Transverse sections these nerves stained show myelin illustrated even 
more strikingly the amount degeneration. the median nerve, which was 
the most severely affected, the majority the axis cylinders were entirely 
deprived myelin and many the remainder had abnormally small amount. 
The funiculi, however, were not all affected equally; some had comparatively 
little myelin loss, whereas others any myelin sheaths remained. 
The outer cord the brachial plexus showed almost advanced degree 
degeneration the median nerve. The posterior cord the plexus, 
the ulnar and musculospiral nerves were less severely affected and the large 
majority axis cylinders these nerves were surrounded myelin sheath 
many instances, however, the sheath consisted irregular and frequently 
incomplete ring. the sciatic nerve also large proportion the fibres were 
deprived myelin possessed inadequate amount. This nerve also 
demonstrated well that the brunt the degenerative process tended fall 
certain leaving others relatively little damaged. (Figs. and 2.) 

The internal cutaneous nerve was the only purely sensory nerve examined. 
the myelin degeneration was considerable but much less than the motor 
and mixed nerves. 

The other changes observed the nerves were roughly proportional 
degree the amount loss present. They consisted moderate 
increase the connective tissue between the nerve fibres, but this was not 
sufficient account for the increase size the nerves noted post-mortem 
examination. Proliferation the sheath Schwann cells was 
feature all the nerves, and the nuclei were, general, larger and more 
circular shape than normally the case. 
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Fic. 1.—Sciatic nerve—high power. Shows advanced demyelination nerve bundle. 
Weigert-Pal (celloidin section). 


Fic. nerve—low power. Shows severe myelin loss, much more pronounced 
some funiculi than others. Weigert-Pal (celloidin section). 


illustrate paper Herbert Hyland and Ritchie Russell. 
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Fic. 3.—Two intramuscular nerves the biceps femoris—high power. Myelin 
degeneration advanced. The dilated perineural space seen both nerves, but 


more prominent the larger. Weigert-Pal (celloidin section), 


Fic. 4.—Small nerve the biceps brachialis—high power. The dilated perineural 
lymph space well seen. The fibres are seen separated from each other, suggesting 
cedema within the nerve. and van Gieson (celloidin section). 


illustrate paper Herbert Hyland and Russell, 
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and 6.— Biceps brachialis showing many small nerves grouped amongst 
atrophied muscle fibres. 100. The nerves appear very cellular owing the 
presence endothelial cells the nerve bundles. Around some the nerves dilated 
perineural lymphatic spaces are evident. and van Gieson (celloidin section). 


illustrate paper Herbert Hyland and Ritchie Russell. 
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Fic. 7.—Small nerves longitudinal section biceps brachialis. 200. Shows 
endothelial cells among the nerve fibres and infiltration with small cells 
adjacent the nerve. and van Gieson (celloidin section). 


Fic. 8.—Eighth thoracic power. cells from the 
group the anterior horn. Shows the roundness the cells, the tendency shrink 
and the variation size the Niss] granules, many which are very large. The Nissl 
granules tend grouped more towards the centre the cells, leaving narrow, clear 
area the periphery. The nuclei are central. (celloidin section). 


illustrate paper Herbert Hyland and Ritchie Russell. 
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addition the proliferative changes there was extensive infiltration 
mononuclear cells throughout the nerves. Most these cells were small 
lymphocytes, but number endothelial wandering cells was present and also 
few plasma cells. polymorphonuclear cells were seen. The infiltration 
was principally between the nerve bundles the connective tissue spaces, 
tending more dense the vicinity the blood-vessels; but smaller 
degree was scattered diffusely amongst the nerve-tibres well. 

The large clear nuclei lymphoblasts were present around some the 
blood-vessels, not infrequently forming several layers. 

great increase vascularity was observed the nerves. definite 
thickening the vessel coats was present. 

sections stained with and eosin many cells were seen which 
first glance resembled plasma cells. The cytoplasm, however, was slightly 
granular and was pink with rose tint; was also less extensive than the 
plasma The chromatin the although tending have 
pheral distribution, was not heavy the plasma cell. These cells were 
recognized tissue mast cells, and when stained with toluidin blue 
violet showed the characteristic granules. 

sections stained with toluidin blue the sheath Schwann nuclei were 
seen, many instances, surrounded granules. 

Comparison was made between the nerves from this case and eleven nerves 
considered normal, determine the number and distribution mast cells bore 
any relation the pathological process present. 

number granules great that the nerves under examination 
was present nine the normal nerves. 

The number mast cells four the normal nerves was considerably 
less than that found the nerves this case, but five the normal nerves 
was just great, and the remaining twothere were more mast cells 
seen than were present any the pathological nerves. 

The mast cells the normal nerves appeared have similar distribution 
those this case, lying for the most part amongst the connective tissue 
fibres and the neighbourhood blood-vessels. 

was concluded from this investigation that the number granules 
and mast cells the nerves this case were without pathological significance. 

INTRAMUSCULAR NERVES.—Technique: After fixation for ten days 
per cent. formalin saline pieces the biceps brachialis, biceps femoris, 
erector and diaphragm were embedded celloidin and thin were 
cut and stained with and van Gieson, Mallory’s aniline blue 
orange stain and the Weigert-Pal method. 

striking change was seen relation the 
intramuscular nerves all the muscles examined with the exception the 
diaphragm. This was dilatation the perineural lymph spaces which 
appeared clear zones surrounding the nerve bundles lined both internally 
and externally connective tissue and some places broken fine strands 
connective tissue (figs. 7). There evidence serous 
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cellular exudate these spaces. They were found around nerve bundles 
all sizes, including the finest ramifications. The possibility that they might 
due artefact was considered, but was negatived the regularity and 
with which they appeared. similar but very much slighter degree 
the same change could seen the large peripheral nerves such the 
median. likely here that the shrinkage connective tissue fibres insepar- 
able from formalin fixation would have reduced the size the spaces and 
rendered them less apparent. 

sections these muscles there were areas where very small nerve 
bundles were numerous and closely grouped together. The nerves these 
areas, both longitudinal and transverse sections, presented very cellular 
appearance, owing the presence many endothelial cells among the fibres 
and possible increase connective tissue nuclei. The appearance suggested 
actual proliferation probably originating the cells lining the perineural 
lymphatics. The fibres the smaller nerves seen longitudinal section were 
frequently widely separated, suggesting the presence cedema inside the 
bundles. notable that the larger intramuscular nerves showed 
infiltrative proliferative change whatever. 

The intramuscular nerves the diaphragm did not possess the dilated 
perineural lymph spaces, nor was there any proliferative change the nerves 
this muscle. 

Transverse sections the muscles stained the Weigert-Pal method 
showed the intramuscular nerves deprived their myelin varying 
degree. Many the nerves all the muscles except the diaphragm contained 
large number the fibres entirely without myelin. However, considerable 
variation existed the individual muscles, some the nerves having little 
less than the normal amount, whereas certain bundles were almost entirely 
demyelinated. longitudinal sections beading and irregularity the myelin 
were very pronounced most the nerves. 

The most severe degeneration was seen the nerves the biceps brachialis. 
Those the biceps femoris were little less affected and the nerves the 
erector had less myelin loss than the two former muscles, although 
many the nerves was quite severe. The nerves the diaphragm were 
well myelinated, although here also some beading and irregularity were observed. 

The sensory nerves the muscle spindles were, for the most part, well 


myelinated. afew instances the myelin was absent, but general was 
far better preserved these fibres than the motor nerves. 
Around some the muscle spindles dilated spaces were seen similar 


those surrounding the motor intramuscular nerves. 

SPINAL After ten days’ fixation per cent. formol 
saline, sections were cut various levels the freezing microtome and stained 
the Marchi method and Scharlach 

Pieces from every segment the cord were embedded celloidin and 
sections cut from each segment were stained the following methods: 
stain for myelin, and van Gieson, toluidin blue. Sections 
from every alternate segment were stained the Weigert-Pal method. 
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CHRONIC PROGRESSIVE POLYNEURITIS 


careful examination, degeneration 
the white matter was observed the cord. The cells the anterior horns, 
however, varied definitely from the normal shape and presented rounded 
appearance throughout the cervical, thoracic and lumbar segments. Many 
cells the cervical and thoracic regions were shrunken size that first 
glance the cells were thought diminished number all the groups. 
count the cells showed that the actual diminution number was slight, 
though places many the cells were small only just recognizable 
such. The segments possessing the largest numbers shrunken cells were 
Th. and the remaining cervical and thoracic segments 
the cells were considerably nearer the normal the lumbar and 
sacral regions there was practically evidence shrinkage. 

The nuclei the cells were normally situated and true chromatolysis 
was present. The Nissl granules, however, were large and irregular size 
the rounded cells and many instances tended clump the centres the 
cells, leaving narrow clear area cytoplasm the periphery (fig. 8). These 
changes the Nissl granules were most obvious the segments, but 
they were also present varying degree segments and and 
and the Nissl granules was seen the remainder 
the cord. excess normal yellow pigment was present the cells. 
The cells Clarke’s column were normal. 

great increase vascularity was present throughout the grey matter. 
The vessels were much more numerous than normally the case and were 
dilated and engorged with blood The walls many the vessels 
were thickened increase connective tissue, but proliferation the 
intimal was present. 

RooT GANGLIA.—Technique After fixation with the cord, ganglia 
from the cervical, thoracic and lumbar regions were imbedded paraffin and 
sections were stained with and van Gieson, toluidin blue and 
Mallory’s blue-Orange stain. 

Microscopic findings.—No abnormality was observed the size shape 
the cells. The nuclei were centrally situated and chromatolysis was 
present. There was definite thickening the capsules surrounding many 
the cells due proliferation capsule cells. This change was most 
apparent the ganglia from the thoracic region. 

ANTERIOR AND POSTERIOR NERVE The same tech- 
nique was employed for the spinal cord. 

revealed little, anything, abnormal the posterior roots except increase 
vascularity. the anterior roots the increase vascularity was greater 
and few mononuclear cells were seen amongst the nerve fibres. advanced 
proliferative infiltrative changes were present the nerve roots such 
were seen the peripheral nerves. 

Weigert-Pal sections presented striking picture. The posterior roots were 
all normally myelinated except one two the thoracic segments where 
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slight loss was evident portions the roots some distance from the cord. 
The anterior roots, however, had extensive myelin loss throughout the lower 
cervical, thoracic and upper lumbar regions the cord. This varied degree 
segments but was well marked all, and number the 
lower cervical and thoracic segments the proportion demyelinated fibres 
equalled that found the peripheral nerves (fig. 9). 

the roots the cauda equina infiltrative proliferative changes 
were present. myelin degeneration was seen these roots stained 
the Marchi method. 

BRAIN.—Technique: After ten days’ fixation per cent. formalin saline 
frozen sections were cut from the prefrontal lobe and the precentral and post- 
central convolutions. The sections were stained with Scharlach R., toluidin 
blue and Bielschowsky’s stain for neurofibrils. 

Microscopic sections revealed abnormality the cells 
neurofibrils and inerease the deposition fat. 

MEDULLA.—Technique: After fixation with the brain the medulla was 
imbedded celloidin and serial sections were cut through its entire length. 
Every tenth section was stained with and van Gieson and 


toluidin blue. 
Microscopic was present any the cell 
groups. The cells the dorsal nucleus the vagus and the nucleus ambiguus 


were normal size and appearance. Great increase vascularity was evident 
throughout the medulla; the vessels were extremely numerous and engorged 
with blood. 

The greatest increase vascularity existed the region occupied the 
dorsal nucleus the vagus, and two places, considerable distance apart, 
moderately large, fresh were seen amongst the cells this nucleus. 

slight perivascular infiltration mononuclear cells existed throughout 
the medulla. 

Technique: The methods used for the muscles was described 
when the intramuscular nerves were considered. 

the fibres and comparison with 
normal muscles revealed that the fibres the biceps brachialis, biceps femoris 
and erector were very much reduced size. The great majority the 
fibres the biceps brachialis were between and diameter; the 
other two muscles they averaged little larger. All three muscles contained 
many very small fibres however, and fibres diameter were frequently 
seen. Occasionally amongst the atrophied fibres were little groups large 
fibres varying size from 110 their smallest diameter, but these 
were not common inthe muscles. The fibres the diaphragm averaged little 
all less than the normal size; gross irregularity size shape was 
evident. 

The fibres all the muscles were well striated, and apart from atrophy 
other abnormality was observed. moderate increase connective tissue 
was seen all the muscles except the diaphragm. There was increase 


the sarcolemma nuclei. 
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PLATE XV. 


Fic. 9.—Ninth thoracic segment—low power. The posterior roots are well myelinated, 
whereas advanced degeneration present both anterior roots. Weigert-Pal (celloidin 
section). 


illustrate paper Herbert Hyland and Ritchie Russell 
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The diaphragm was extensively infiltrated with little groups small round 
cells. These usually surrounded small blood-vessels lying between the muscle 
fibres. very much less extensive infiltration was present the other three 
muscles. groups mononuclear cells were seen the connective tissue 
spaces between the muscle fibres, having relation 
Occasionally group these cells was adjacent one the small nerves 


which endothelial proliferation was occurring. 


SUMMARY PATHOLOGICAL 


The body well-nourished woman with gross atrophy except 
moderate wasting the fore-arms. The nerves the upper limbs 
were definitely larger than normal and the cord the thoracic region 
appeared rather softened. Apart from broncho-pneumonia and partial 
collapse the right lung other changes importance were noted 
outside the nervous system. 

Microscopic examination the nervous system revealed that the 
anterior horn cells the spinal cord were rounded and shrunken. The 
Nissl granules were pyknomorphic and had tendency clump the 
centres the cells. actual chromatolysis was present and there 
was degeneration the white matter the cord. 

The anterior nerve roots, the peripheral nerves and 
muscular nerves were severely demyelinated. The posterior nerve roots 
were very slightly this respect and the sensory nerves the 
muscle spindles had relatively less myelin loss than the motor intra- 
muscular nerves. only purely sensory nerve examined, the internal 
cutaneous, had less myelin degeneration present than the other peripheral 
nerves. 

All the peripheral nerves showed proliferation the interstitial 
tissue and were infiltrated mononuclear cells. 

interesting findings the intramuscular nerves the muscles 
the back and limbs were dilatation the perineural lymph spaces 
and proliferation endothelial cells inside the small nerve bundles 
where the latter lay groups between the muscle fibres. 

Many the cell capsules the dorsal root ganglia were definitely 
thickened proliferation the capsule cells. 

Nothing abnormal was found the brain and the medulla was 
normal apart from great increase vascularity and two recent hemo- 
rrhages amongst the cells the dorsal nucleus the vagus. 

the muscles the limbs and back there was severe generalized 


atrophy the fibres. diaphragm was not atrophied but extensive 


perivascular infiltration mononuclear cells was present. 
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Commentary.—Polyneuritis arising from various causes may progress 
slowly, but the great majority cases show remissions become 
arrested before paralysis extreme. clinical course similar that 
the case described particularly unusual. The type is, however, 
probably identical with that described Harris although his cases 
recovered from the extreme paralysis which occurred. The fatal termi- 
nation this case provided valued opportunity for one (H.H.H.) 


investigate its pathology. 

Various changes have been described the spinal cords cases 
peripheral neuritis. the white matter the posterior columns are 
most frequently affected, has been emphasized Herzog and 
Cole The latter, indeed, after extensive search the literature 
1902, found record case which the cord failed show 
degeneration these columns the Marchi method had been employed. 

Where changes have been found the anterior horn cells, they have 
usually consisted varying degree central chromatolysis with 
displacement the nuclei the periphery the cell. 

Grinker, 1907 [3], expressed the view that cases polyneuritis 
usually showed changes either the cord anterior roots. Pfeifer 
however, more recently re-emphasizes the frequency with which 
changes are found both white and grey columns the cord and also 
the brain. 

should noted that very different types polyneuritis have been 
included these observations. Grinker’s case resembled many ways 
the case here described, especially its clinical course, but the patho- 
logical examination (which was incomplete) showed cord changes. 

the present case exhaustive search revealed trace de- 
generation the white matter the cord, nor were there any changes 
detected the brain. the grey matter the changes found the 
anterior horn cells resembled many respects those found progres- 
sive muscular atrophy. The changes the granules presented 
somewhat similar picture those described Martin [6] cases 
syphilitic progressive muscular atrophy. 

The changes the peripheral nerves were similar those found 
other types severe polyneuritis. The predominance motor 
compared sensory nerve involvement was prominent both clinically 
and pathologically and corresponded the clinical findings Harris’s 
cases. 

regards the this type neuritis, Harris suggests that 
the slow development such cases indicates continuously acting toxin 


ee 
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POLYNEURITIS 


PROGRESSIVE 


CHRONIC 


rather than acute poisoning, and that one driven the supposi- 
tion that work. his second case the absorption 
external toxins could probably excluded, the patient continued 
get weaker for nine months after returning from South Africa 
England. the case here considered, this factor could probably also 
excluded her downward progress was uninterrupted during stay 


seven weeks hospital. 

Cases have occurred following acute illnesses, such that described 
Barnes (vide supra) which followed rheumatic fever. note- 
worthy that both one Harris’s cases and the present case developed 
after dermatitis doubtful nature. 

The dilatation perineural lymphatic spaces which was interest- 
ing factor this case was also noted Stewart case fatal 
his case the changes were 


puerperal polyneuritis and poliomyelitis. 
found the large nerve trunks, whereas this case they were most 


marked the intramuscular branches. 


wish express our thanks Dr. James Collier and Dr. 
Russell Brain for permission publish the case; and acknowledge 
our indebtedness Dr. Godwin Greenfield for his assistance with the 


pathological investigation and for taking the photomicrographs. 


SUMMARY. 


(1) case polyneuritis which ran progressive course and 


terminated fatally twelve months reported. 
(2) Somewhat similar cases are referred to. 
(3) pathological study the case described (see Summary 


Pathological Findings). 
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VASCULAR LESIONS THE (LATERAL 
MEDULLARY SYNDROME.)' 
HOUSTON MERRITT, M.D. 
AND 
MAXWELL FINLAND. M.D. 


VASCULAR lesions the lateral portion the medulla are generally 
known the syndrome the occlusion the posterior inferior 
cerebellar artery. This syndrome was first described Wallenberg 


1895, although very similar cases were reported Senator eleven 


years previously. Since the first description there have been limited 
number cases reported, chiefly the French literature. Xavier 
Combes [3] 1902 reviewed eight cases the including 
the cases reported Babinski and Nageotte, Cestan and 
Foix, Hillemand and Schalit 1925 reported case and analysed 
sixteen previously reported cases from the standpoint the blood-vessel 
involved. Their conclusions will mentioned later. the American 
literature the subject has received attention from Thomas 
Thompson 1929, and Riley 1930. the English 
Wilson [11] 1909, Wilfred Harris Ramsbottom and 
Stopford [13] 1924. 

The syndrome supposed comparatively rare, but the 
Boston City Hospital have met six cases the past two years, and 
Riley Battle Creek, Michigan, encountered eight cases 
similar period. probable, therefore, that the syndrome fairly 
common. 

The following six cases were observed the Boston City Hospital 
during the years 1928 and 1930. far are able determine 
four these patients are still living. Two the patients died while 
the hospital, and post-mortem examination was made one 
these. 

before the Boston Society Psychiatry and Neurology, February 20, 1930. 


From the Second Medical and Neurological Services the Boston City and the 
Department Neuropathology, Harvard Medical School, Boston, Mass. 
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summary the history and abnormal findings these cases 


follows 


Case 1.—James L., aged 69, retired salesman, admitted December 15, 1927, 
the Second Medical Service the Boston City Hospital. died March 15, 
1928. chief complaints were vertigo and dysphagia. 

Family history and past history were not important except that had 
1913, resulting paralysis the left arm and leg. recovered 
rapidly without any residual paralysis. 

Present the morning December 14, the patient became 
nauseated and vomited, and felt very dizzy. did not lose consciousness, 
however, and was helped into taxi-cab. went home and went bed. 
then began notice sharp pain the central portion the right half 
the face. The dizziness persisted and vomited several times more. 
the afternoon found that could not swallow, and that foods and liquids 
regurgitated through his nose. also noticed diplopia. the advice 

physician presented himself the hospital the following day and was 

Physical examination.—The peripheral vessels were moderately sclerosed 
and his blood-pressure was 164/100. 

Neurological examination admission showed the following abnormalities 
see fig. 

Cranial 

(1) There was mild Horner’s syndrome the right (i.e., enophthalmos, 
myosis, and drooping the lid with narrowing the palpebral fissure). 

(2) The eye movements were normal, but there was 

nystagmus, more marked right lateral deviation. 

(3) There was impairment light touch and pain sensation the 
distribution the right trigeminal nerve. 

(4) There was definite, although slight, weakness the right half the 
face. 

(5) His voice was hoarse, and swallowing was very difficult. The palate 
leviated the left phonation. 

Motor system.—No disturbance the motor system could detected. 

Sensory system.—There sensation light touch and 
pain the left arm and leg. Other forms sensation were not tested. 

deep reflexes were more active the left side. The 
plantar responses were normal. The abdominal reflexes were absent. 

Laboratory data.—The urine and blood were normal. 
Wassermann test was negative. 

Course the hospital.—The sensation dizziness cleared rapidly and the 
lysphagia disappeared the course month. The hoarseness persisted 
for about ten weeks. The Horner’s syndrome was much less noticeable after 

few weeks but persisted until death. During the first few days after 


the patient was troubled with intractable Eleven weeks 
5S 
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after admission the patient developed erysipelas the right side the face, 
and died eight days later. 

The pathological findings necropsy were erysipelas, 
marked arterio-sclerosis, and vascular The brain (N-28-9) 
showed marked sclerosis the basilar vessels, but detailed study them 
was made. ‘The cerebrum appeared normal gross examination. The 
medulla was sectioned serially. 

The sections the medulla showed mild degeneration the pyramidal 
tract the right side. This extended through all the sections, and was 
separated from the lesion the lateral portion the medulla; was con- 


Fic. (Case 1).—Sketch showing cranial nerves injured, the distribution the sensory 
changes and the approximate location the lesion the medulla. 


sidered the result the 1913. The interesting lesion, 
however, was triangular area degeneration the lateral portion the 
medulla extending from just above the cuneate and gracile nuclei the 
level the entrance the restiform body into the cerebellum. involved 
the lateral reticular substance and destroyed the nucleus ambiguus, the oculo- 


pupillary nucleus, the spinal lemniscus, the descending nucleus and tract 


the trigeminal nerve, and the lateral reticular the lower sections 
there was slight involvement the extreme lateral portion the restiform 
body. small portion the dorso-lateral edge the olivary nucleus was 
also destroyed. hypoglossal nerve nucleus and the medial lemniscus 


were not involved. The lower end the tractus solitarius was destroyed. 
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PLATE XVI. 


(Case 1).—Photograph section the right side the medulla showing the lower 
level the lesion. The degenerated area lies chiefly the restiform body and the lateral 
reticular substance. Weigert’s stain. 


Fic. (Case 1).—Photograph section the right side the medulla showing the 
central portion the lesion. The area degeneration confined the lateral reticular 
substance. Weigert’s stain. 


(Case 1).—Photograph section the right side the medulla showing the 
upper level the lesion. The area degeneration lies the lateral reticular substance and 
involves the dorsal portion the olivary nucleus. Weigert’s stain. 


illustrate paper Houston Merritt and Maxwell Finland, 
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VASCULAR LESIONS 


Figs. and show sections taken from the lower, central 


and upper levels the lesions, respectively. 


Case 2.—Estelle W., aged 69, widow, unemployed, admitted the Second 
Medical Service the Boston City Hospital October 10, 1927, and discharged 
April 29, 1928, improved. 

The patient had been receiving treatment the out-patient department 
the hospital for period about seven account chronic nephritis 


and hypertension. October 10, 1927, she was overcome 


coal gas, and was brought the hospital. She recovered rapidly from the gas 


poisoning, but remained the hospital for treatment her nephritis. 
On January l4, 1928, while still in the hospital, she complained of a severe 


pain over left side her face, and also marked dizziness, and diplopia. 


These symptoms persisted, and the following day herpetic lesions appeared 


the lips, and she became unable swallow, food regurgitating through 


Her voice became husky and she had intractable hiccoughing. She 


complained pain the left side her throat, and cold sensation with 


numbness the left side face and right side the body. 


Physical heart was moderately enlarged, the peripheral 


vessels were sclerotic and the blood-pressure was 260/100. 


Neurological examination January 16, 1928, showed 


abnormalities (see fig. 5): 


Crania 


(1) There was left-sided syndrome. 


(2) The eye movements were normal range, but the patient complained 


diplopia looking the left. 
(3) There was the light touch and pain sensibility the 


left side the face. 
(4) The voice was husky and there was marked dysphagia. The palate 


deviated the right phonation. 
There was marked dizziness, but nystagmus impairment hearing 


was noted. 
system.—There was very slight weakness the right arm and leg. 


Sensory system.—There was (modalities not noted) the 


skin the right arm and leg with subjective sensation numbness and 


tingling. 
The deep reflexes were more active the right side than the 


left. The abdominal and plantar reflexes were normal. 


Laboratory data.—The urine showed the changes found 


nephritis. The blood-count was normal, and the blood Wassermann was 


negative. 
Course the hospital.—Patient was discharged from the hospital about 


three and half months after the vascular The hoarseness had 


disappeared, and there was only slight dysphagia. There was still slight 
weakness the left half the face and the right arm and leg. The 
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subjective numbness and objective sensory changes persisted. 
syndrome had disappeared. 


Case 3.—Mary J., aged 61, housewife, admitted the First Medical Service 
the Boston City Hospital, November 18, 1928. She was discharged 
December 23, 1928, improved. chief complaints were dizziness, 
dysphagia and hoarseness. 

Family history and past history were irrelevant. 

Present illness.—The patient had been under treatment for hypertension, 


and November she went her physician consult him about constipa- 


— 


Fic. (Cases and 3).—Sketch showing the cranial nerves injured, the distribution 
the sensory changes, and the approximate location the lesion the medulla, 


tion. While there she suddenly unconscious and fell the floor. 
She regained consciousness about twenty minutes and noted pain the 
left side her head and sensation coldness and numbness the right 
arm and leg. Her voice was husky and she had great swallowing, 
liquids and solids regurgitating through her nose. These symptoms persisted 
and she was permitted the hospital the following day. 

Physical examination.—The heart was enlarged and was irregular rhythn 
owing premature systoles. The peripheral vessels were sclerosed and the 
blood-pressure was 180/100. The blood and urine were normal and the blood 
Wassermann reaction was negative. 
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Neurological eramination admission showed the following abnormalities 


(see fig. 5): 
Cranial nerves 


(1) Horner’s syndrome the left side. 
(2) There was limitation movement the eyes the extreme left and 
patient complained diplopia looking the left. 

(3) There was impairment sensation pain and temperature the 
distribution the left trigeminal nerve. The left corneal reflex was absent and 
there was very slight weakness the masticatory muscles the left side. 

(4) There was slight weakness the left half the face involving both 
upper and lower portions. 

(5) There was horizontal nystagmus, subjective vertigo and lateropulsion 
the left. 

(6) The voice was husky. There was marked dysphagia and the palate 
deviated the right phonation. 

The motor system was normal. 

Sensory system.—There was impairment sensation pain and tempera- 
ture the skin the right arm, trunk and leg. Light touch, vibratory and 
position sense were normal. There was subjective sensation numbness 
the right arm, trunk and leg. 

Refleres.—The deep and the plantar responses were normal. The 
abdominal reflexes were absent the left side. 

Course the patient remained the hospital for five weeks. 
the end this time she was able swallow without difficulty and her 
voice was much less husky. The subjective vertigo and the lateropulsion had 


disappeared. The Horners syndrome and the sensory changes were still 


present, however. 


Case 4.—Catherine aged 75, unmarried and unemployed, admitted 
November 1929, the First Medical Service the Boston City Hospital. 
She died November 13, 1929. 

Her chief complaints were difficulty swallowing, dizziness and sudden 
weakness. 

Family history and past history were not important. The patient had 
ceased work nine years previously, and since that time had remained 
home. For the past year more she had complained increasing weakness 
and fatigability. 

Present illness.—The patient awoke October 30, 1929, and attempted get 
out bed. She fell back unconscious and remained about half hour. 
gaining consciousness she was very dizzy and she had great difficulty 
swallowing. Her voice was husky. She was brought the hospital four 
days later and connected story her illness was difficult obtain there 
was definite impairment her memory.. 

Physical examination.—Patient was obese white woman. The heart 
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was enlarged and the rate was rapid and irregular. The peripheral vessels were 


sclerotic and the blood-pressure was 150/100. 


Neurological admission showed the following abnormalities 


(see fig. 


Cranial nerves 


(1) There was syndrome the right side. 
(2) There was weakness the right half the face involving both the 


upper and lower portions. 


(3) There was slight horizontal nystagmus. 


Fic. (Case 4).—Sketch showing the cranial nerves injured, the distribution the 
sensory changes, and the approximate location the lesion the medulla. (In the full 
face diagram the Roman figures VII and VIII should transposed.) 


(4) The voice was hoarse, and there was marked dysphagia. The palate 


deviated the left phonation. 
(5) The right corneal reflex was absent. There was loss any the 


forms cutaneous sensation the face. 


Motor system.—There was marked generalized weakness, equal 


two sides. 
Sensory system.—Sensation pain and temperature was impaired the 


left arm, trunk and leg. There was impairment the light touch, vibratory 


position sense. The patient complained sensation numbness the 


left arm and leg. 
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the deep were markedly diminished. The 
abdominal reflexes were absent. The plantar responses were normal. 
Laboratory data.—The blood and urine were normal. The blood Wasser- 


mann test was negative. The cerebrospinal fluid was under pressure 


240 mm. water. was clear and colourless and contained lymphocytes 


per cubic mm. The total protein content was mgm. per 100 The 


colloidal gold and Wassermann tests the fluid were negative. 
Course the patient gradually became more feeble, the 


heart’s action weakened and she died November 13, 1929, ten days after 


admission. 


Case 5.—Annie D., aged 43, housewife, admitted February 1930, the 
Third Medical Service the Boston City Hospital and transferred the 
Neurological Service. She was discharged April 13, 1930, improved. 

Her chief complaints were inability swallow and numbness the left 


half face and body. 
Past history and family history were irrelevant. 
Present January 26, 1930, the patient was bed with 


Four days later, she attempted get out bed and suddenly became 


dizzy. The room seemed spinning around,” and was necessary 
hold table avoid falling. Her head began ache and she 
noticed ringing her right ear. looking the right objects appeared 


louble. All these symptoms persisted, and about two days later she noticed 


numbness and tingling the left side her body, beginning the arm, 


preading downward the leg and foot, and finally involving the left half 


| 


the face. Later the day she became unable swallow her own saliva and 


she was sent the hospital her physician. 


Physical examination.—The heart was enlarged especially the left, and 


the typical murmurs mitral and aortic valve lesions were heard. The rate 
and rhythm were normal. The blood-pressure was The abnormality 


the heart was considered being rheumatie origin. 


Neurological examination admission showed the following abnormalities 


fig. 7): 


Cranial 


(1) Horner’s syndrome was present the right side. 
(2) The ocular movements were normal range but the patient complained 


diplopia right lateral deviation. 
(3) There was loss pain and temperature sensation the distribution 


the right trigeminal nerve. The right corneal reflex was absent. 
(4) The right face was slightly weak both the upper and lower portions 
(5) There was slight impairment hearing the nerve deafness type in. 
right ear. There was lateral and vertical nystagmus. Patient complained 


ringing the right ear, and dizziness when looking the right. There 


was slight lateropulsion the right. 
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There was extreme swallowing. The palate deviated 
the left phonation. 

Motor right arm and leg were slightly weak and hypotoni 
There was tremor, inco-ordination, cerebellar rebound 
pointing the right side. 

Sensory system: 

(1) There was subjective sensation numbness the entire left half 
body, including face, arm, trunk and leg. 


(2) Sensation pain and temperature was lost the skin the left half 
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Fic. 7 (Case 5).—Sketch showing the cranial nerves injured, the distribution of th 
sensory changes, and the approximate location the lesion the medulla. 


the the face. There was loss the pain and temperature 
sensibility the right trigeminal nerve distribution, noted above. When 
the left side the body was touched with hot cold object with pin 
the patient complained peculiar which was disagreeable and 
uncomfortable, but she was unable describe further. 

(3) Sensation light touch (cotton) was present everywhere, but patient 
stated that she felt better the right half the body. 

(4) There was loss the sense taste the right half the tongue. 

(5) Vibration and position sense were normal. 

left knee-jerk was slightly hyperactive, and the plantar 
response was absent the left side. The abdominal reflexes were normal. 


| 
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Laboratory blood and urine were normal. The blood Wasser- 
mann test was negative. The spinal fluid was under pressure mm. 
water. was clear and colourless, with cells. The total protein content 
Wassermann test was negative. 

Course the patient improved gradually 
discharged April 13, 1930, she could swallow liquids and solids without 
The dizziness and cerebellar ataxia had disappeared and she was 
ble walk well. There was only slight nystagmus discharge and 
weakness of the facial muscles could be detected. 

syndrome was still present and the sensory findings were the same 


admission. 


Case 6.—Osear C., aged 56, negro, engineer, admitted November 18, 1929, 
to the Neurological Service of the Boston City Hospital, and discharged 
16, 1930, improved. 


His chief complaint was inability talk swallow. 

history and past history were 

Present illnes The patient went work November 18, 1929, usual 
His helper stated that seemed quieter than usual and that was perspiring 


was working with electric drill and suddenly, without turning 


off, handed his helper. the left side face 
and walked outside into the rain. His helper followed and asked what was 
the difficulty. The patient continued rub the left side his face and did 


otanswer. question was repeated the patient tinally managed say 


think have had was brought the hospital immediately, 
Physical patient was obese and The heart 
enlarged the left and the blood-pressure was 170/100 
Neurological following abnormalities were present 


Cranial nei es 
j 


(1) There was Horner’s syndrome the left side. 

(2) There was loss all forms sensation the distribution the 

trigeminal nerve The left corneal reflex was absent, and there was 
paralysis the muscles mastication the left. 

(3) The left abducens nucleus was paralysed. The patient was unable 
look the left 

(4) There was complete paralysis the facial muscles the left side. 

(5) There was slight impairment hearing the nerve type the left ear, 
ind there was marked horizontal and vertical nystagmus. 

(6) There was moderate dysphagia and extreme dysarthria, his speech 
barely intelligible. The palate deviated the right phonation. 

Motor system.—There was weakness, inco-ordination, ataxia, and intention 
emor the left arm and leg. 


BRAIN Vou. 
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Sensory system 
(1) Patient complained numbness the entire right side his body 


(face, arm and leg). 


(2) There was loss pain and temperature sensation right leg, trunk, 


arm and face. 

(3) Light tactile stimuli were readily recognized, but the patient stated 
they were felt better the left side than the right. 

(4) Vibration and position sense were normal 


Fic. (Case showing the cranial nerves involved, the distribution 
sensory changes, and the approximate location the lesion the medulla. 


All the deep reflexes were markedly diminished. The right 


Reflexes. 
The abdominal reflexes were normal. 


plantar response was equivocal. 
Laboratory data.—The urine and blood were normal. The blood 


test was negative. 
The cerebrospinal fluid the day admission was under pressure 


240 mm. water. The fluid was blood-stained and contained 200,000 red 


blood-corpuscles and 400 white blood-corpuscles per cubic mm., per cent. 
the latter being polymorphonuclear leucocytes, and per cent lymphocytes 


The total protein content was 800 mg. per 100 The colloidal gold test 


was 0011112233, and the Wassermann test was negative. One week 
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the pressure was 200 mm. water. The fluid was xanthochromic and con- 
tained 4,500 red blood-corpuscles, and 555 white blood-corpuscles. The total 
protein content was 148 mg. per 100 and the colloidal gold and 
Wassermann tests were negative. 

Course the hospital —The patient developed keratitis and pan-ophthalm- 
tis the left eye which was enucleated December 16. was discharged 
February 16, 1930, which time there was obvious atrophy the masti- 
muscles the left side. The paralysis the left facial muscles was 
still The dysarthria had improved markedly, the function the 
right internal rectus muscle had returned, and the patient was able look 
the left with the right eye. The patient could walk, but there was still 


considerable ataxia the left arm and leg. The sensory changes 


The cases here presented are very similar those previously 
reported. The lesion occurs generally arterio-sclerotic individuals 
and the age onset our cases, shown Table was the 
sixth later decades, except Case where the lesion could 
explained basis embolus from rheumatic heart. few cases 
have been reported young incividuals, but usually syphilitics. 

The onset generally fairly sudden without loss consciousness, 
and often followed period during which there increase 
the 


{ 
| 
Time from onset full development symptoms. 


The symptoms, shown Table can readily explained 
the neurological lesion, and are accompanied objective evidence 
this involvement illustrated Table II. the symptoms only 
vertigo and dysphagia were present all cases. Pain the homo- 
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lateral side the face, subjective numbness the contralateral side 
and dysarthria were present five the cases. Diplopia was com- 
plained four, and cerebellar symptoms were present three 
cases. Intractable hiccoughing was present only two cases. 

The neurological signs accompanying these symptoms (see Table 
were follows: All the cases showed objective signs involvement 
the spinal fillet, nucleus ambiguus, facial nerve nucleus and the 
pupillary centre the medulla. The eighth-nerve nuclei were involved 
five the cases and the cerebellar pathways inthree. The descending 
nucleus and tract the trigeminal nerve were involved five the 
cases while the main sensory nucleus and motor nucleus the trigeminal 
nerve were involved only one case (Case 6). The abducens nucleus 
was involved this case also, and considering the extent the damage 
and the finding blood the cerebrospinal fluid, probable that 
the lesion was hemorrhage rather than thrombosis. 


TABLE NEUROLOGICAL SIGNS. 


From study Table obvious that the lateral portion 
the medulla generally the site these lesions and the structures 
located therein, namely, the nucleus ambiguus, spinal fillet, oculo- 


pupillary nucleus, facial nerve nucleus, and the descending tract 


nucleus the trigeminal nerve, suffer the greatest damage. More 
dorsolateral structures, the nuclei the eighth nerve and 
cerebellar pathways (restiform body), are injured with any spread 
lesion. 

These cases illustrate several points which are relevant the 
anatomical physiology the hind-brain. all the cases which 


| 
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there was subjective evidence involvement the descending tract 
the trigeminal nerve there was subjective sensation pain 
that side the face, which some cases was quite severe. This 
pain was only transient our cases, and yet none have developed 
any severe trigeminal neuralgia such that reported Harris 
These cases illustrate the points emphasized Spiller [14] 1915, 
that the descending tract the trigeminal nerve carries 
ind temperature sense from the face, and that the fibres the 
descending tract cross various levels and join the fibres carrying these 
types sensation from the This last point brought out 
Cases and where the pain and temperature sensation the contra- 
lateral side the face was lost. The corneal reflex was lost 
the side the lesion all our cases, and this accord with 
statement that the corneal reflex connected with the fibres 
carrying the sensation pain. 

The disparity the amount dysarthria and dysphagia found 
some these cases explained the basis presented Ramsbottom 
and Stopford They state that the upper portion the nucleus 
ambiguus innervates the larynx and the vocal cords, while the lower 
portion the nucleus innervates the muscles the pharynx and the 
palate. most these cases the lesion can placed fairly low 
the and there was marked dysphagia with only slight 
moderate dysarthria, whereas Case which the lesion extended 
high, there was extreme dysarthria and only slight dysphagia. 

The Horner’s syndrome explained involvement the pupillary 
centre, which located Combes and others the lateral reticular 
substance adjacent the nucleus ambiguus and the descending tract 
the trigeminal nerve. Its connection with the cervical centre the 
tractus intermedio-lateralis. also supposed have connec- 
tion with the ciliary ganglion fibres travelling the descending 
tract the trigeminal nerve and out the brain-stem through the 
trigeminal nerve. Injury these cells the medulla result milder 
form the Horner’s syndrome than that found after lesion the 
cervical sympathetic. 

Involvement the spinal lemniscus was constant these cases, and 
was accompanied subjective sensation numbness the contra- 
lateral half the body; two the cases stimulation the analgesic 
areas caused perverted form sensation somewhat similar that 
with injury higher sensory centres, such the thalamus 
The sense taste was tested only two these cases, and 
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half the tongue. This probably due injury the tractus 
solitarius. 

The structures situated the median portion the medulla, i.e 
twelfth-nerve nucleus, medial lemniscus and the pyramidal not 
involved these cases, they receive their blood supply through the 
anterior spinal artery. There was, however, these cases, 
slight evidence involvement the pyramidal tract form 
hyperactive reflexes, abnormal plantar abdominal reflexes the 


Fic, 9.—Sketches showing the arrangement the vascular supply the 
the areas the hind-brain irrigated each vessel. 


side opposite the lesion. This can probably explained 
The diminution deep reflexes which occasionally occurs these 


cases (see Cases and has never been explained. 

Fig, taken from Foix, Hillemand and Schalit shows their 
conception the vascular supply the hind-brain, and their 
opinion that most the so-called cases thrombosis the posterior 
inferior cerebellar artery are really due lesion the artery the 
lateral fissure. 

diagnosis these cases generally comparatively 
simple. The sudden onset such dramatic symptom inability 
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swallow should lead consideration vascular lesion the 
medulla, and the differential diagnosis other causes injury the 
vagus nerve its nucleus should considered. The conditions which 
are most likely give difficulty are tumours the medulla, syringo- 
bulbia, and the rare cases osteomyelitis the temporal bone with 
involvement the jugular foramen. The mode onset and the 
absence the concomitant findings this syndrome, such the 
Horner’s syndrome, the involvement the spinal lemniscus and the 
descending tract the trigeminal nerve, are generally sufficient to- 
exclude this syndrome. Dysphagia and dysarthria due the loss 
supranuclear control the nucleus ambiguus, occurs pseudo- 
bulbar palsy, can easily distinguished the same manner. 
prognosis these cases, contrary the current 
idea that vascular lesions this situation are fatal, very good. 
Though two our cases died while the hospital, only one 
the cases could the death attributed the vascular lesion, 
and the eight cases reported Riley there were fatalities. 
With the progress time most the symptoms and signs disappear 
improve, with the exception the sensory changes which are 


persistent. 
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NERVOUS SYSTEM. 
(F) the Department of Surgery, University of Michigan Hospital, Ai A? , Mic) me.) 

the central and peripheral nervous system are among 
the less common local manifestations yet they seem 
occur often enough merit consideration neurological diagnosis. 
Occasionally the characteristic history hamophilia may not volun- 
teered patient, nor elicited the clinician and, the diagnosis 
and treatment joint lesions, serious mistake may made through 
failure bear mind this possibility. 

The classical memoir Bulloch and Fildes furnishes with 
the most complete historical account the disease. contains the 
records some nineteen cases which lesions the nervous system 
occurred spontaneously and certain that, many 
the cases, the disease itself was responsible. summary thes 


cases follows 


Mauthner, Max., 1863.—Epistaxis and apoplexy man aged 
Stromeyer, Louis, great sciatic nerve. 

Tamele, J., 

Traneus, L., hemorrhage child. 


Lemoine, 

de Rute, F., LsSs4. Cerebral hemorrhage. 

Sarra, R., 1890.—Subarachnoid baby 

Berggriin, Emil, 1896.—Cerebral 

Pearson, A., 1904 Cerebral 
Family Histories 

Ledoux’s case, 

and case, round the pons Varolii, 
the optic nerves, and the right cerebellar hemisphere. 

Van der Scheer’s case, fatal into the spinal canal 

Forster’s case, 5.—Meningeal hemorrhage. 

Cousins’ case, 2.—Blood extravasation the base the brain. 

Getting’s case, 50.—Lower limb partialiy 
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Since 1911, only one case damage nerve due hemophilia 
has been described. Lord, Omaha, has given excellent account 
spontaneous occurring hemophilic boy, causing 
ulnar nerve palsy and contracture the muscles the fore- 
arm most comprehensive German work hemophilia that 
appeared recently contains references lesions the nervous 
system 

attempt estimate the relative frequency such lesions, 
have examined the records two large hospitals. one (St. 
Hospital, London) nineteen cases 
admitted the wards over period twenty-three years; the 

ther (University Hospital, Ann Arbor, Michigan, U.S.A.) ten cases 
were admitted over period fourteen years. various lesions 
these twenty-nine cases are listed below 


N 


This table brings out two interesting points first, that the major 


lesions, hemarthrosis far the most common; and, second, that 


lesions the nervous system are rare events the life the 


cases are described; the first was studied the Orthopedic 
Department the University Hospital, Ann Arbor, Michigan, 
the second the Royal National Hospital, London. The 
second patient was presented clinical meeting the Neurological 
Section the Royal Society Medicine November, 1929 


e, aged 22, labourer. 
1928. The patient first complained soreness 
the right groin and the anterior surface the thigh. 
weak, and some difficulty walking was 
Ten days after the onset symptoms, swelling appeared 


+ 


lower abdom«e n; it Was almost painless, but gradually increased in 


the patient’s brother the only other member 
family with any tendency bleed spontaneously. details are given 


Percentag 
bleeding from teeth, minor 100 
Case 
tollowed by ni 
Lhe right low 
xperienced 
which one might make positive diagnosis the brother 
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aged 10, had great trouble with epistaxis and 
bleeding after the extraction teeth. 
When aged his left lower extremity swelled and was painful for 


weeks. was noticed that the limb was shorter than the 


and 
the patient believes that the hip-joint was little stiff. The lesion was 
garded tuberculous his doctor, who ordered him bed for four months 
After this treatment the patient got about quite comfortably, though first 
found necessary use crutches. 

examination.—Joints: Left hip, fixed deformity, 
possible 100°, all other movements very limited. 

Right hip, limitation extension due contraction the psoas 

Spine: slight increase the lumbar lordosis, secondary the psoas 
contraction. 

Nervous system (all physical signs the right 
over the areas distribution the middle and internal cutaneous nerves 
the thigh and the long saphenous nerve. 

Motor: contraction elicited voluntarily electrical stimulat 
the rectus femoris, vastus externus, vastus internus, crureus, pectineus 
sartorius. Complete inability extend the knee voluntarily. 

Abdomen: the right lower quadrant, lying the hollow the 


using little bulging the 


mass extending almost the midline and 


loin. was elastic had smooth surface and was not tend 

X-ray examination the spine was negative. Films the hip 
showed considerable destruction the head the left femur, and some 
proliferation along the roof the acetabulum and the margin femor 
head. 

Coagulation time the blood was ten minutes. 

Subsequent July, 1929, the anterior muscles the thigh wer 
contracting all numbness had patient still walked with 
slight limp. The abdominal swelling had disappeared. 

the findings enumerated above, diagnosis was made 
complicated involving the left hip-joint and right 


pressing the femoral nerve. 


There must element doubt the first part the diagnosis. 
The absence characteristic family history and the relatively short 
clotting time the blood not suggest classical 


Case 2.— male, aged 24, chauffeur. 

History.—June 1928. The patient was motor car accid 
and was admitted was unconscious for three days 
the region the third and fourth lumbar there was some 
the right ankle, but apparently bony lesion. remained his bac! 
for four months, and returned work six months after the accident, 
wearing any form spinal support. this time the patient noticed that 
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lost control his legs and fell. There was actual paralysis 
ind no loss of consciousness. 

1929, stumbled and injured his right hip. large swelling 
the upper and outer part the thigh; examination did not 
show any fracture the femur. The swelling disappeared. 

May, 1929, his right ankle gave way, and was admitted hospital 

large swelling the joint, but again fracture. 

June, 1929, after drive 120 miles (without accident), the patient 
ecame aware sudden weakness the left lower limb. There was 
instantaneous paralysis the muscles extending the left knee. 
experienced severe boring pain the loin, radiating down the left 
‘mb. This persisted for ten days. 

September, 1929, pins and were sometimes 


limb but muscular weakness. 


Micturition was normal and the bowels were kept 


randparent 


Son Son Daughte 
(under (both healthv) 
treatment 
for 
philia) 


nt was admitted to hospital on acco 


ve for six months There were no 


Nervous system. Sensory: area left 

eorresponding fairly closely the distribution the anterior divisions 

third and fourth lumbar nerves was insensitive cotton-wool, pin-prick 

differences temperature. Vibrations tuning fork were not felt the 

patella, and only felt poorly the upper and lower ends the fibula 

diminution tactile sensibility the whole the left lower limb 
sensibility evervwhere normal 


triceps, supinator and ankle-jerks strong 


knee-jerk easily obtained, left absent. 
emasteric normal. Plantar reflexes flexor. 
Motor: No contraction elicited in left quadriceps exte nsor muscle, pectineus 
adduetor magnus. The longus and tensor fasciw femoris 


strongly. There was slight wasting the gluteus maximus. 
Recent skiagrams showed abnormality the spine. 
Lumbar was not performed account the blood condition. 


urine was normal 


medicine 

Materna 
laughte Daught Daughter 
mother) 
Son Son laughter Son 
(patient) (died (married (died: 
sons) 
philia) 
mstitutional signs 
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Clotting time the blood well over one hour and forty minutes. 
When last seen (in December 1929) there was appreciable alteration 


the condition. 


Only those muscles supplied exclusively fibres from the third and 
fourth lumbar segments were completely paralysed; the sensory loss 
corresponded the cutaneous areas for the same segments. seemed 
reasonable, therefore, make diagnosis the leve 
the third and fourth lumbar segments. the injury 


spine June, 1928. prepared the for the 


Central lesions are more common than peripheral 


(3) The condition worth bearing mind neurological 


Tw » cases are re corded. 
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THE INFLUENCE EXPERIMENTAL LESIONS THE 
SPINAL CORD UPON THE 


LIDDELL, AND 


Ballif, Fulton and Liddell communicated their paper 
the differences between spinal and decerebrate knee-jerks the 
Royal Society, the late Sir David Ferrier asked what descending tracts 
the spinal cord were responsible for the differences which had been 
described. question could not then answered, and has 


since remained unanswered have undertaken investigate the 


problem and venture now record our findings. and his 


co-workers observed that the knee-jerk decerebrate preparation 
briefer and always much more difficult inhibit single break- 
shock stimulus than the jerk the same preparation after transection 
the spinal cord the dorsal region. This indicates that the higher 
exert influence which tends abbreviate the jerk and 
protect from inhibition. Denny-Brown has shown that 
muscle composed mixed fibres, the knee extensor, the briefer 
duration the jerk due the more ady participa- 
tion rapid muscle fibres The rapid fibres are 
nactivated the spinal severance and thereafter the slower 
fibres become prominently active. The descending 
responsible for these differences cannot any those arising above 
the level the colliculi, for the brain-stem had been transected the 
mid-collicular level. transected just posterior the posterior colliculus 
completely exclude the red nucleus the result still the same 
Consequently the descending fibres which are interested are not 
Part reporting fibre enerations and myographic tindings three wee 


later. preliminary note has 


have used inverted con since Dr. Denny-Brow 


while red fibres 


f contraction. 
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those the rubrospinal tract, and they must therefore arise 
centre caudal the posterior colliculus. 

The history the study experimental lesions the spinal cord 
has been described Sherrington with special reference 
results lateral semisection, and Page May who dealt with 
experimental lesions relation the sensory pathways the cord. 
Both authors give full bibliographies early literature. will 
semisections carried out between and 1855, was the first 
insist upon the early crossing fibres conducting pain after their entry 
into the cord, and upon the uncrossed situation motor weaknes 
following such lesions. Some his views were erroneously opposed 
Schiff 


lesions restricted individual pathways such the posterior columns 


who, however, was among the first study the 


elaborate series semisections was reported from Goltz’s 
1882, Osawa and was who described the 
fact that two semisections opposite sides the cord, separated 
space six segments from one another, are followed, after 
interval, return voluntary power enable the 
use its hind limbs (somewhat falteringly) for the purpose pro- 
one experiment three semisections were 

carried out and although all sensation was permanently abolished the 
animal was eventually able stand. series beautifully 
scribed semisections (monkeys) were reported 1892 Mott [25 
who drew the important conclusion that whereas pain was diminished 
below the level semisection the opposite side the body, position 
sense and touch were lost the same side. Though certain Mott 

further interpretations have not been substantiated, his conclusions 
concerning homolaterality position sense have been amply confirmed. 
further series semisections monkeys was published 
38]. Gotch and Horsley the same year studied the effects 
acute lesions the spinal cord upon various reflexes, but the knee-jerk 
was not analysed. The later studies Lewandowsky 18], Rothmann 
Page May and others, which various quadrants and 
sensory areas were cut with view studying sensory pathways, 
proved have little immediate bearing upon the problem which 
now propose consider. work sensation fully treated 
Head and not intend this paper deal with 
the sensory pathways consider, except incidentally, the 
disturbances which our operated animals showed. 
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METHOD. 

series nineteen cats was used the investigation recorded 
Part this paper. All animals were decerebrated the trephine 
method under profound ether-chloroform some prepara- 
tions (used conjunction with the study another problem) the 
level transection was well precollicular. When acute lesions were 
made the spinal cord was exposed suitable level under anwsthesia, 
prior decerebration. After decerebration spinal lesions were made 
without The hind-limbs were completely immobilized 
both sides appropriate nerve section tendon resections, excluding 
the nerves the two quadriceps muscles under examination. 
patellar tendons were isolated, and the preparation securely fixated 
both sides the experimental table that first one and then the 
other tendon could examined slight shift the table. During 
the first part the research torsion-wire myograph the old pattern 


feo 9 


was used 34, but the larger number observations have been 


made with new frictionless myograph consists flat 


steel strip tightly clamped both ends and under tension longitudinally. 
The lever arm mounted the middle the strip, and its excursion 
rectilinear, without distortion tension kg. Its natural 
vibration frequency 960 d.v. per sec. responses have been 
simultaneously with the mechanical responses 6,7 
means galvanometer. The tendon was tapped two 
three times second insulated metal rod held the hand. 
Inhibitory stimuli consisted single break-shocks from coreless 
coil, which throughout the whole series experiments remained 
stimulus, well over maximal for every preparation. 
applied motor nerve, however, there was evidence 
stimulus this intensity ever produced more than one volley nerve 
impulses. The peroneal nerve has been used most instances, and 
the electrodes were the Sherrington shielded type. All records were 
photographic, the technique employed being that previously described 
other investigations published from this laboratory 34, 
The spinal cord was removed the end the experiment 
tixed for week more per cent. formalin, and the extent the 


lesion examined thin macroscopic sections. 
Semisection the Spinal Cord (low 


nd-limb from which series knee-jerks being elicited, e.g., 
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per second, one jerk may completely inhibited, provided that 
inhibitory stimulus occurs brief interval before the jerk (fig. 
the decerebrate condition the extensor centres recover within 
from the inhibition induced, but when the preparation 

made much seconds may required before complet: 
recovery have therefore used this feature the 
between the spinal and decerebrate state for the analysis the path- 


ways. taking successive observations with intervals random, 


Fic. electrical and mechanical records knee-jerks. 
seen the myogram initial upstrokes preceding the response inhibit 
shock applied the peroneal nerve the fall the signal bottom 
(;alvanometer string is between myograph and signal. Time at top of record 
Upper record: Vasto-crureus decerebrate cat. Lower record: Same mus 
making small lesion ventral quadrant spinal cord the side the mus 


lower thoracic region, This lesion produces characteristic spina state. 


curves can drawn representing the rate recovery the 
centre from the stimulus (fig. therefore has consisted 
plotting the curves recovery after any given lesion. have als 
studied the duration the jerk, but this feature somewhat mor 
difficult analyse and represent graphically has not been 


ployed. general, however, may said that when the 


highly susceptible inhibition only the more slowly contracting 
order study the effects incomplete lesions the spinal cord 
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essential tirst analyse the results complete semisection. 


the knee-jerks are examined after acute semisection, the jerk 


‘ r 


divided side indi from the jerk preparation 
total transection has ade, while the uninjured side the 


remain ‘ally all its features. Thus, 


‘ation and could not break-shock fell within 


side, and 


} 


jerks the left stil nained 


haracter, 


ting that the descen ‘acts opposite 


vas then ‘med, after which the jerks 
character. curves recovery before 
‘edures are indicated together with 
will seen that after 


npletely inhibit the ide for and 


A subsequent complete 
this experiment caus increase the susceptibility 
inhibition. gained similar results five other preparations 


ar 


the tap spinal cord was semisected the 
\ \ 
uk Ord at | tory d n por 
if I t t I ¢ il t t 
Befor \fter left 
preciable 
ilateral ‘* semisection 
typically spinal 
showing the 
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some experiments both quadriceps muscles were prepared. 


semisection D.13 the knee-jerk the same side became imme: 
ately character, while that the opposite side remain 
‘decerebrate. became indistinguishable from one another aft 
complete transection. three instances complete transection mid 
dorsal level has been followed moderate increase the susceptibilit 


it 


inhibition the previously divided side hich suggests that 
integrity the spinal cord the opposite side may serve 


experiments which the cord has been cut 


htly the susceptibility inhibition (this has also been seen 


from inhibition are seen: 

after ipsilateral semisection low dors 
transection low dorsal level (fig 
contralateral semisection 


however, the was slig 


ht, and may possibly 


ocal cedema set up b\ the ope ation riment XIT) 


Since semisection the spinal cord serves make the knee Je: 


the same side character, were led consider 


| 
CASES 
é 
| 
4 A 
KAYA 
604 
i} 
1 + 
0 
I Left vast Ordinat la n Mxtent 
bl h i i? ! i \ > I> le 1 er 
4 Atter mpiete 
ii 
} + + ” 
the spinal cord inta 
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esults incomplete semisections. Those performed acutely 
significance only when the inhibitability the 
mained unchanged. When became character the result 
due local cedema direct trauma affecting the unsevered 


Difficulties interpretation arising from this source 


chronic lesions, for the usually passes and 


the resultin 
complicating factors 
inevitable compensation 


are therefore inclined place 


results a e lesions. 


ten animals, one more partial transection 


each lesion the knee-jerks has been 


anal rop enumerate these with diagrams 


jerks difficult interval 


rade at levels ranging mn D.7 to D.10 


the extent the primary lesion de- 
renerations There are, however, the 
hronic preparations. Which 
the order which they were performed. 
preparation; right quadriceps recordin 
ving first jerks, difficult inhibit Aft lesion 
vhich sub uently was nvolve the two-thirds the spinal 
both D.10, there was change the duration the 
na t tubilitv w onl ~ tlh, nereased Tl extent the 
on Is sho ) natieally i hig | \fter complete trat tion of the 
Oc lt itabilit wis inereased 1 1] 
[il |’ Cul } paratiol right q vd record 
wnward central canal (fig. had effect the inhibition 
the d il 1ol 6 D lw LS yventot is ] eparation int ry toneal! 
The cord was not transected 
preparation; right quadriceps recording 
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quite clear then from 
that pathways controlling the 
ventral quadrant the spinal cord and 
our lesions. Subsequent localize these 
have been suggestive but not conclusive. 
somewhat variable, possibly because trauma inc 
and probal ly also because the descendins 
through the ventral quadrant 
suggests that the descending tracts are perha 


found that the dor 
transected rostral the extensor 


influencing the jerk, next attempted 


the ventral quadrant the cord 

influence the jerk when the rest the cord remained intact 

the ventral quadrant are difficult place accurately since the 
the cord from the dorsal surface. successful instances 


evident that circumscribed des area 


g 

2 

ia (see fic. 6), the first in the upper third of the ri agorsal quad , the ser 

was a stab wound aflecting trianguiar area VOLVI! tne grey al 
posterior columns; and the third extensive lesion involving whole 

side the cord and the right dorsal qua were 

without any ible effect upon the dura I ell 

the jerk nutes after complete transection the duration the jerk 
risen to i reecoy \ ( Ly Cit 

stically i. 

} } 
ss downwards inti 

below the level 

acts more accuratel 

have 
nt to the transectior 
to tne ransect 

re scattered dilfuse 

larply 

reht quadriceps il! ind yield bri dee Dbrate ftic t 

further ¢ fect, but CO e tral it) 

the right side by 20 per ¢ to cel 

id been compleated by ( | i 

the spinal cord could 

i 

ntres the hind-limb without 

ld 

nid 
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LESIONS OF HE SVINAL CORD UPON THE 


spinal cord does fact cause jerk become spinal 


sitive evidence drawn from sions is, however, less satisfactory 


be 


This experiment indicates that lesion confined the ventral 
iadrant the side the jerk serves make 

The next experiment was similar, only happened that the 


cond lesion was incomplete, failing extend the midline. The 


than nevative evidenc Two representative experiments 
the first which the evidence positive, the second 
negative 
| { BS INS 
n @ Af td l rant | \ft m t ( 
A fte ext ve les tricted to the right ventral quad nt ol 
e Ss} | lat D.9, t \ no ere » in the susceptibilit to hibitior 
the jerk was 150 per cent. below normal 
( ) ( t D.S the covel curve ¢ i ibition and the cauratior 
] were 1 ( is heantty 
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conclusion drawn was that the nerve-fibres with which 


were concerned passed downwards medial sector the ventra 
quadrant. 


Acute experiments then point definitely one directi 
that the fibres responsible for the decerebrate characteris 


jerk pass downwards medial sector the ventral qu: 


5 / \ 
} KN \ WN 
\ / INvAN xh 
4 
} err ) } ( 
J ARS ) \ ) j 
YAS” 
D 
a i juadrant which extended t I n bout 1 m lit 
still change the recovery curve hibition. After the cord 
and the duration of the heea increased t L400 


CORD UPON THE KNEE-JERK 


SVINAL 


SIONS OF 


rea which would include the stibulospinal pathway. When this 


egion cut not only does the jerk become spinal character but the 


rossed extensor reflex disappears observations, derived from 


mo 
LOM 


preparations, will reported later 


the study 


of the ¢ rd cauda thie Seqments s pplying GUuUadriceps 


observation lone familiar those who have worked with decere- 


‘ate preparations that transection the spinal cord the 


gion the decerebrate rigidity the fore-limbs becomes very 
The one, being seen few minutes after 
transection and continuing some days after decerebration would 
ppear that the centres the fore-limbs are inhibited normally 
ascending from the hind-limbs, and that transection the cord 


nny- 


and 


rt 
bons 


} 


diminish the 


ther 


motor, adjacent that one most intimately concerned with 


jerk, and especially the muscular nerves the antagonist the 


erks muscles,” but transection the cord was not examined these 


procedure has been examine first the jerks 


perime nts. 


dinary decerebrate preparation, after which the spinal cord has been 


dorsal region and the jerks and their inhibition again 


rves relea them analysing this effect more detail, 
and Liddell pp. found that the stretch 
the spin and they draw attention 
vations that the direct tract 
ere other tracts which transmit influenee from the more caudal 
and for example, found that 
mulation the nsverse cut surface the spinal cord the 
with st matic electrodes inhibition of decerebrate rigidity 
the fore-limbs when area just lateral the ventral 
Was stin ted. Changes position the hind-limbs produce 
bservations that even the the hind-limb 
more cauda the cord might exert ntluence 
pon the rostral extensor and that, for example, transection 
increased tion the spinal canal the spinal roots, 
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examined. Soon after spinal transection and for about 


hours subsequently, usually impossible the cat obtain 
reflex (this being one the prominent manifestations spinal shock 
Having found the stretch reflex absent, the spinal cord has ther 
been transected some level caudal 

one expe riment (XXXVI) which the cord 
between and all the nerves from muscles antagonistic 
quadriceps being thus excluded, one the prominent symptoms spin 
shock, the absence stretch reflex, disappeared. were not 


this experiment test the susceptibility ibition since the 


GED O 
O 
ele 
O 
\ 
\ | I i 
X A i I 
pathways had been cut the following experiment 
transection was made between and that one, least 
the caudal from which the sciatic nerve arises was 
intact 


b re observatl re The ree ( Irie 
ait hi there was very rked inerease in the briskness of the i 
the right side with reappearance stretch retle the curve 
moved the left the chart LOA Before the lowe bar 
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had not 


ecovery Was 


until 900 whereas 


Though difficult exclude altogether the possibility that the 


result due diminution the total number effective fibres from 
the afferent nerve used for stimulation, improbable that this would 
account entirely for the result, since well known that small nerve 
may quite effective producing inhibition large one. The 
result, therefore, suggests that transection the spinal cord caudally 
affects the three major symptoms spinal 
nhibition the 


) 


(1) susceptibility 


(3) the extensor reflex (see 


been made four other experiments with 


\Ve have found addition that 

tenth post-thoracic level without 
Similarly, section the left posterior 
demonstrable influence upon the knee-jerks 
Transection the cord the eighth post- 


isection of thee which removes the 


the quadriceps 


hnerease 1n 


the crossed 


the cat least 


more 
a medial sector ol 
he 


ventral quadrant 


vestil cts So lk n 


the limb 
brief and diftic 


tain posture, and the 


ult inhibit havea few observa- 
xert their 


are harmony 


Cairns and 
spinal cord 
animals passed through 


hind-limbs, 


who found when radon 
greater) 
marked hyperextension 


sometimes twenty-four hours, 


nfluence ot the antagonist 
DISCUSSION 
rvat ns olfer ints of interest to the clinical observe 
isceptibility inhibition, judged the knee-jerk 
exten ind (2) that this “spinal shock,” 
loes not develop until the descending pathways the ventral quadrant 
the pinal co | have been dis 
pathways descend 
tions which suggest that the neck 
effect upon the 
with thos 
that 
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before passing into flaccid paraplegia. one their animals 
which remained permanently extension one side, the descending 
pathways the medial sector the ventral quadrant that side 
had been spared. such preparations the scratch reflex still 
elicitable from stimulation behind the ear, which harmony with 
the observations Sherrington and Laslett studies 
tonus skeletal muscle Spiegel found that lesions the ventral 
cord produced marked and long-continued hypotonus the 
musculature the same side, whereas lesions the lateral and dorsal 


columns produce only slight and transient hypotonus the 
musculature. 

The fact that the vestibulospinal pathways appear 
ble for the differences between the and spinal 


also 15, that decerebrate rigidity 


the transection the brain-stem does not injure the vestibular 


must fall somewhere between the anterior colliculus and the level 
the vestibular nucl Immediately the vestibular nucleus excluded 


decerebrate rigidity vanishes other than vestibulospinal 


concerned causing the difference between the spinal 
decerebrate condition, they must arise caudal the vest 

conclusion that spinal shock characterized the 
less permanent existence within the spinal cord increased suscepti- 
bility inhibition from external stimuli. due 
neurones, intrinsic decrease their central excitatory state, 
problen hich awaits investigation 

(1) One the major physiological symptoms spinal shock 
increased susceptibility inhibition. The knee-jerk, for example, 
induction shock sensory nerve the hind-limb. intact 
often impossible inhibit knee-jerk corresponding stimulus 
present paper records series experiments which the attempt 


was made determine the pathways responsible for the 


between the decerebrate and spinal condition, judged the inhibition 


the knee-jerk. 


ad 
nues to exist so long 
as 
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(2) Acute lesions were made levels ranging from L.1, 


which knee-jerks were examined means frictionless torsion-wire 


myograph high natural vibration with simultaneous 
registration the electrical response according the technique 
lescribed Ballif, Fulton and Liddell. 

(3) Complete lateral semisection the spinal cord causes the knee- 
jerk the side the semisection assume characteristics, 
while the the opposite side remains 

dorsal two-thirds the spinal cord may 


without causing the knee-jerk become 


ns isolated transections of the ventral quadrant 


‘ause the kne e-]}¢ rk on the same side to 

these opservati ns that the descending path- 

the daitferences between t} e ** dece re bi ite ad and 
litions pass the ventral quadrant the 
probably dial half trac 


Si luportant ae 


side. 

suggest themselves since they are the 
this area 

the spinal cord caudal the knee-jerk centres 
great enhancement their activity, diminution susceptibility 
inhibition, and, preparation, the prompt reappearance 
the stretch reflex. 
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THE VESTIBULAR UPON POSTURE AND THE 


ears that the level the brain-stem 

ibular nuclei essential for the maintenance 
10, but precise information con- 

the influence exerted this area upon 

long the ventral 

intact, and that 

was reactio below the level the lesion 
posite lateral half the 

and Liddell drew atten- 

gical criteria the acute spinal con- 

stretch reflex with disappearance 

sed inhibitability the knee-jerk and 

now known, predominant 

muscle fibres after transection the 


spinal tract the chief descending pathway 


ound essential for decerebrate rigidity, have 


making lesions the 


describe results 


writers 
have employed the method 
rpendicularly through the cerebellum into the brain- 


rresponding Deiters’ nucleus. Although this 


| 
N IDDELI \NID Mek, R ( 
| Weer tel ved 1} t t +} 
has been 
f dec rebrate ri 
the 
the spinal cord 
that decerel 
juadrant the 
when this area 
became 
spinal cord was 
tion three 
lition 
prolongatior 
participation 
vestibular area the medulla, and propose 
the present pape 
Gray Pape 
nserting probe 
A pi I ler t t has appeared in t 
1930, 70, / 
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operation has the advantage being relatively simple surgically, 
undesirable since accuracy and destruction cerebellar tissue 
entailed well the likelihood injury deeper structures the 
medulla, e.g., rubrospinal tract. investigation the cerebellum 


] 


found that satisfactory approach the floor the fourth 


ventricle could secured under exposing the 
caudal half the cerebellum and gently elevating the posterior vermis 
With the medulla thus uncovered found that means small, 
slightly-curved red-hot needle about mm. diameter, was 
make satisfactory lesion any part either vestibular region 
Injury the cerebellar peduncles well the posterior longitudinal 
bundle and the gracilis and cuneate nuclei can avoided this 
technique. The details our surgical approach are fully described 
our forthcoming paper the cerebellum 

Recording.—In acute experiments, vestibular lesions have generally 
been made under profound anesthesia immediately after decerebration 
but some experiments the lesions were made some hours after 
animal was decerebrated. ‘The usual dissections were then made pre- 
vious myographic examination, isolation both quadricep 
muscles and complete denervation and immobilization all othe: 
muscles both hind limbs records responses wer 
obtained with the new frictionless torsion-wire myograph simul 
taneous electrical records being made with string gal- 
vanometer the same optical system. inhibition maximal 
break-shock stimuli from coreless Berne inductorium em. 


the ipsilateral popliteal nerve were used all experiments. 


stimuli were applied means Sherrington glass-shielded electrodes 
our chronic animals, daily clinical observations were 


before the myographic examination, which took place the end three 
weeks. After myographic examination, the spinal degenerations wer 


studied method with essential modification, except 


7 


prolonged washing after the tissue had been removed from dichromate 


yet only the spinal degenerations have detail and 


the medulla and cerebellum have been preserved await detailed ana 
tomical analysis. Since such factors local cannot 
controlled fixed preparations, the extent acute lesions has only been 
studied macroscopically fixed material. one instance, however, 
cut serial sections thick through the region 
after formalin fixation, staining every tenth section with 


and eosin. 


i 
| 
7 


DESTRUC 


AcUTE EXPERIMENTS. 


If, when decerebrate rigidity has appeared after mid-collicular tran- 
section the brain-stem, small lesion made inserting the red-hot 
needle into the medulla oblongata point from the midline 
the level the lateral angle the fourth ventricle, the rigidity the 
side the lesion becomes much less within 1-2 minutes. the lesion 
made within mm. the midline little change likely 
occur. When the lateral area has been destroyed this way, the 
resulting asymmetery may marked that the preparation 


supine the two opposite the lesion may rigidly extended, 


lexor posture the sur- 


face the body. inspection the knee-jerk the injured side 


while those the same side lie 
pendular character, human cases with hypotonia. When ex- 
amined myographically the quadriceps muscle shows diminished 
completely absent stretch retlex the injured side, and the jerks tend 
more prolonged duration result the predominant parti- 


cipation the constituents the muscle. Occasionally, 


following vestibular lesion, have observed jerks which 
distinct white-fibred component seen followed delayed relaxa 


tion characteristic the red-fibred component and quite distinct from 
the decerebrate rigidity, the latter being accompanied 
action currents while the red-fibred shows corresponding 
turbance the electrical record Another significant 
hat the injured side the knee-jerk more readily inhibited single 
break-shocks, but the susceptibility inhibition less marked than 


spinal preparation. comparison the curve recovery the jerk 


following single inhibitory shock can readily obtained the two 
sides, as the foll wing fisure taken from the « xperiment described 


below will seen that the intact side single inhibitory shock 


effective less than while the injured side effective 


All our experiments have given essentially the same results, and 


the observations 


vas then cecere 


iar level and aiter cdecerebrate rigid had Come On 
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for 1,000 
ensuing protocol will serve illustrate the character 

June 17. 193 \ cut 2 Wa ed nder profound 
| t! I ©}? sel 

7 ebell l it ( Wis € | sed b 
separation ot t ! muscles, and the fl of the fourth vent cle brought Into 
view elevation post vermis. The 
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curved 


mm. to the 


this point toward the apex 


? ] 
tion stopped nh omentarily, 


iration. 


! 


rigidly 


+ 
qaiierence 


S00N Vanisirer 


initial 


LJ] \N LINICAL 
necdic was carefully inserted into the medulla point 
right of the micdtiine, and was carnmed outward about n tron 
was resumed again without recourse artificial 
Clinica Oserva WS Within three to ur es tte e here 
was evident diminution the rigidity the eht sice the 
| 
nn 
cr 
60 
cn 
507 
ft) 
[NN CNN cnn INN any ann ) 
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Ordinates le f inhibitory dey i f expr t f 
hour. Three hours after hee fore-limb was 
4 the pre] ! n respect to neart and res} ~ ( i 
the pinna and conjunetival reflexes were active. The let e-jerk ins 
tion Was quicker in and wed 
characteristic hypotonia 
reflex the right quadriceps, though present first, was not sustained and 
The knee-jerk was large, slow and required 


UNILATERAL DESTRUCTION THE VESTIBULAR NUCLEI 331 


The jerk was readily inhibited and the curve recovery following 


component. 
The crossed extensor reflex 


single break shock inhibition shown fig. 
licit and brief duration, exhibiting but little 


difficult 


The left quadriceps the other hand showed quick brisk knee-jerks, 


marked and well-sustained stretch reflex and the jerks were considerably more 
J 


Lt eht side, but it appeared that thev were more 
isceptib a normal decerebrate preparation Crossed 


ensol 


Despite the fact that the muscles had 


i; 


read caused evident effeet in the 
spontaneous increase in rigidity on turning 

minimal position. With the 

ust present and were perceptible, 


Uyppe spinal were 
ms 20M thick were cut 
The 
medulla, 
and Burda 


the «ae scending 


the region the right vestibular nuclei 
‘ats described above. The protocols two 
detail below. All four the animals 
clinicai picture, which the most prominent features 
were ystagmus, forced rolling movements the side 
postures, and hypotonia both 


intensity the symptoms became 


en ely sected, turnit 
the 
diminution 
rundriceps the nec eflexes 
nad every t t section mounted and s 
lune the cerebell The whole vestibular nucleus 
ithe c I a Deiter’s nucleus were ec mpletely destroved Mor 
1 portion of Deiter’s nucleus. the nucleus of Bechterew and 
e Le l t Olt med | vestib il n cleus were destroyed Th le sion 
cut the rest m ci\ nd in the middle cerebellar ped incle extence | dorsally 
the vent portion the nucleus emboliformis. Only the most rostral 
bres ol t cul R issell escaped 
ess marked with time 
May 1930 Und anwsthesia the usual cerebella 
Was the lobe the vermis was elevated The 
ed-hot needle then thrust gently into medulla point mm. the 
oht ol thre dline sl tly ¢ udal to the lateral angle « the fourth ventricle 
needle serted second time destroy some the area 
AIN ) Lill 23 
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around the first lesion. There was bleeding and the wound 
usual layers. 

Post-operative animal began come 
within twenty-four hours and took fluid and solid food att 
general condition and nutrition remained 
the right side the face for three four days, with com) 
from this within week. 

Forced rolling movements developed the 
most marked for the first four days after operation During 
placed the floor, the cat would roll 
impeded some obstruction. From the 
gradually less, and had practically stopped the 
The posture was asymmetrical throughout the period obser 
being turned with the occiput the right, the 
few days the braced itself against the bac 
curled with the head and tail bent the left, 
wore off, the quick component being clockwise, 
anticlockwise. This was very marked and almost conti 
days, but then gradually diminished and disappeared 
twelfth days. There was marked 
the first day after operation, which continued 
observation, although was less marked the end 
showed similar difference, the left being 
right being pendular. slow shaking tremor 
appeared the rolling movements decreased and 
the period observation, although was never very 

the last day observation, the twenty-first 
animal was able walk crouching position, 
head rotated slightly (chin the left). 
falling the right. There was definite limp 
held the seruff the neck this leg hung 
tone the fore-limbs was approximately equa 
pendular, and the seratch reflex the right 
that the left. There were only 
deviation. 

examination. May 23.—Under 
thesia the preliminary dissection the hind limbs 


the skull. Good extensor rigidity developed within ten 


tion and was definitely more marked the 
seneral condition the preparation with regard 
remained good throughout the period observation 

Three hours after decerebation the preparation was 
recording. Observations were made first from the 
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the end the experiment was again noted that holding 
symmetrical and supine the left fore-limb showed good extensor 


rigidity, while the right 


the preparatl 


fore-limb sunk down partially flexed. 


was present both sides, but definitely more pronounced 

Inhibition the stretch retlex stimulation the ipsilateral 

peroneal nerve was less complete the 

The knee-jerk the right was long duration, and there was rather 
following stimulati 


the ispilateral nerve. the left 


duration and were somewhat irregular, 


700 800 900 1000 


compariso 


was ol 


served on both sick Ss, the 
that ight. With the 


response 


response left 
was small and quick, but with the head rotated 
from the muscle, the response was large and longer. 

were repeatedly observed both 
that wit 


the head turned the maximal position 
the muscles was higher, and there was less inhibition 
ith the head the minimal position, the resting tension the 


and the jerk somewhat more readily inhibited. 
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Fic. experiment, Animal II, described text. Injury medulla oblongata 
! hit may be n le by 
The 
muscle being 
mediate position the 
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ind it Was con 
the resting tens 
the jerk, but 
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Pathological rl te.—Macroscopical examination of the medulla showe 
sear the right dorso-lateral region which involved the vestibular nuclei, 
restiform body, and the middle portion of the middle peduncle of the cerebel 
The brachium conjunetivum was intact. Sections from the cervical, 
and lumbar cord, stained the Marehi method, showed heavy degenerat 


the direct vestibulospinal traet on the 


nome 


rol 


position, although there was some swayi 


during the observat 


rotated, 


= 
hes 
tl © 
ul. 
nin 
} ‘ mi 
side (tig. were less heavy 
| 
| 
spinal tract Papez the descending vestib component the 
medial lor tudinal faseicults of escribed | Ras n 
the cervical there were also scatt egenerations 
= 
region the crossed \ spinal t cts otG i ul the 
brospin cts, ese were een the sect 
14. 19380 \ ecerebell ire le lial 
from the midiine, appro ile a evel I e eight il 
nerve There was nochange respirati and no bleed [he ineis yas 
closed in the sual man el t GISCONTINUOLUS SII itures 
thirty-six hours, and took food and fluid the second day Its general 
econdit m remamed excetient nrouchou ne t of observation 4 
appeare las the anwsthetic w e off, and were very } rked 
4 | + + +} ] + 
he a from the third to the filth day alter opr on he animal lling to th l t 
ucross the tlo r until 16 Was SLO} by some obpst cle Con pe! sution oecurred 
and the eighth day the animal.was able sit 
also bent to the 1 cht, but there was no tremor 


For the first 


operative period 


re mains | equ illy 


an ri€ 
15-20 ith 
le 


NILATERAL 


nystagmus, the quick component the left, the slow component the right. 


This symptom then was present throughout 


limb than the 


turning the head to the minimal positl 


was noted that the left there was good response 


which summed readily and relaxed sl 


‘tensor was first elicited applying alternating make 
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six days post-operative there was spontaneous lateral 


both'limbs the right side, being more marked the hind 


Comparing the two hind-limbs, the knee-jerks 


brisk, but the right they were pendular, whereas the 


nal The hiimg reflexes were normal after the first ten 


ts back it came to the horizontal position by 


e right or to the left, whichever direction was shorter. 


twenty-third day after operation—the 


position, the body angle 


hut lly the left. There was definite limp 


tendene\ 


recordin 


> 


innel 


as 


Was more easily inhibited than normal 


were 


more 


ul position wna 


Ion. The s isceptibility 


knee-jerk was less when the head was maximal and 


is minimal The crossed extensor response Wits also observed 


the head maximal than minimal. 


the contralateral peroneal nerve moving the camera 


Lli 


owly, but the right the excursion was 


left they Were 
days. the cat was placed 
the right several times this leg collapsed weight 
the When held the scruff the neck there was slight 
bend the right The knee-jerks were active and essentially equal, 
there was positive supporting the seratch retlex was slightly 
Lniest - | } elin vary di ec! nol the hi i bs was ca ried out, atte 
which the cat ecerebrated. Good decerebrate rigidity 
fifteen minutes, and was much ked the left side than the right 
Three hours lat: the preparatio! is attached to the ograph tol 
first and then the left quadriceps the same 
In prey is experiments The general condition of the prepa ition remained 
200d whout the period of observat mm, t difference in rigidity of the 
two fore mbs was unaltered 
The slight present the left quadriceps which was 
only very siig tly n Dited by Stir | tiol oO the ipsilate al perone il nerve 
On t giit the stretel refl vas slightly larger, but it was markedly 
inhibite by t sume strength of sti lus. The were very similai 
yn the two sides, heing sn ill and fast (average durat n 6O0¢C), but the knee 
preparation, and the right the inhibition was still more 
thine and were present both sides, but 
pronounced on the 1 than on the left In each case the sting tension ol 
the muscle was increased turning the head the 
when the head 
and break shocks 
key with the 


336 ORIGINAL ARTICLES AND CLINICAL CASES 


not ample though the character the response was much thesame. 
the crossed extensor response was elicited applying tetanizing current 
from neon tube oscillator the contralateral nerve. the right there was 
large well-maintained response which recovered from partial inhibition fro 
single shock the ipsilateral peroneal nerve, but the left the response 
very poorly maintained and there was recovery after inhibition. 


slight sear the caudo-lateral surface the floor the fourth 


which continued rostralward into the middle cerebellar peduncle. 


involved the major portion the vestibular nuclei, especially 
nucleus. The restiform body and the brachium conjunctivum 
The degenerations all parts the cord were similar tho 

(see fig. 4), with the exception 


degeneration the region the homolateral 


three cats the left eighth cranial nerve was divided through 
cerebellar approach. The protocols two these experiments are 
given detail below. All the animals showed symptoms forced 
rolling movements the side lesion, asymmetrical posture and 
nystagmus. fourth symptom deserves mention: for several days 
after operation the tonus the limbs was almost equal the two sides, 
there being slight hypotonia the homolateral limb, but later this 
changed definite the homolateral Jimb which 
amounted almost extensor rigidity the case the second animal. 
this respect the clinical picture following section the eighth 
nerve exactly opposite that seen following the destruction the 
vestibular nuclei, though other respects the symptoms from these 
two lesions are much the same 


pot 

Ventricie, 
The 
the later! 
were intact 
} 
deseribed it 
actically 

4 

4.—Degenerations Animal from the cervical level 


29, 


\pri 


} 


the remainder of the period of obst 


mal was able to crawl along the flo 


\fter the first week the 


lowing operation, but this cdlecreast 


the twenty-seventh day after oO} ration 


yiten to Live itt 
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was made and the opening through the bone enlarged the 
with rongeurs. The dura was then freely resected, and narrow retractor 
the left cerebello-pontine angle retract the lateral lobe the 
upwards and forwards and the medulla slightly medialwards. 
means view could obtained 


canal. The operation was complicated slight oozing blood, 


] ert tt pts the nerve Wits S¢ 
When was complete the wound was closed layers. 

and did not take food fluid until the fourth day. After that fed 

drank normally and its general condition remained satisfactory. There 
l» ilysis of the left side of the luce, upparently due to necidental 

the seventh nerve operation. movements the 

ped the wore off, and were very marked for five days, 
they rapidly subsided and disappeared entirely the 
lay During the first part this period attacks rolling could induced 
the cat was lying quietly, sensory stimulation such 

ead being bent the left, and the slightly rotated 
left This asymmetry was more marked during the first week after oj era- 

When picked the seruff the neck the head was bent 

le ‘ ull to the right, the left fore-limb was extended forward, thx 
semi-tlexed, the left hind-limb was extended backwards, and the ight 

wards slow oscillating the head and shoulders was 
ted the eighth day after operation when the animal first attempted 
This tremor remained constant during any voluntary activity through 


the left, although oecasionally also fell the right. There was definitely 
balanee, but there was no weakness of the limbs on the side of the lesion 


s noted in the cat with destruction of the vestibular nuclei. 
During the first week after operation there were frequent rapid jerks the 


ves the left with slow return the right, although there was sustained 


and the tone the limbs became 
qual. Later the limbs the left showed definite hypertonia amounting 
‘ity the left fore-limb the end three weeks. The knee-jerks were 


throughout the period observation. the last day observation 


crouched close the floor, frequently falling, more 
the left than the right. The legs were moved with some uncertainty, 


f the eighth nerve just as 16 eme reed 


ctioned with ophthalmological 


rvation. the end two weeks the 


and the end three weeks was 


rning the left and frequently falling 


eye movements were normal. There 


and hind-limbs for two three days 


the cat was able walk, though with 
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and there was considerable oscillating tremor the head and shoulders. 

held the seruff the neck, the head was bent the left and the 
slightly rotated towards the left also. The left fore-leg was stiffly extended 
close the body, the claws also being extended, the paw slightly flexed. The 
right fore-limb was semi-flexed. Both hind-limbs hung moderately loose, but 
the left was slightly more extended than the right, and showed slightly mor 


tone. The toes the left hind paw were held continuously extende 


were flexed scratching the pad. right the toes 


Knee-jerks tle act and equal 


26, 


the cat was decerebrated 
preparation Was abtached to the myogra 
were taken from the 


the cat 


inhibition 
averace duration be ng 40c 


marked the right 


in 


intluence 
The crossed 

position was large, showing 
summation. 
response Was small, 
response. the left with the 

sinall and subsided slowly. Wit 

ely smaller and subsided 

necropsy the eighth 


per cent. formalin showed some 


9 
or 


Operation. May 1930.—Under the left eighth 
nerve Was transected the manner already described. 
Post-operative course.—The animal was old and made very slow 


from the operation. was not completely out the until the 


na limbs was n ie, alte WwW 

Baas! ph in the sual inner, a t record 

that when was held symmetrically the supine position that 

Bet resting tension of the fore-limbs was vreater on the left than on the ht. 

was good reflex both sides, but was greater 
yer right, and on the right there was mai ced inh tion of the strete etlex by) 
a single break-shoek to the psilateral perone ub ne ve, whereas on the left the 

There was only slight the jerk, 

resting tension the muscles being with the head the 

2 maximal than in the minimal position lurning the head | i no cdetectab 

inhibition of the erk. 

the head in t Ima 

slow descent excellent 

the crossed extenso 

nimal position there 
e crossed extensot response 

nimal the response 
ee rve was found to be com 

the medulla after fixation 

around the point entrance the eighth nerve. This extended 
tral ‘d int he Liddle cerebellat lonel 

J 

Animal IV. 
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fourth day, and did not take food fluid until the seventh day, after which 
fed normally. The further post-operative course was complicated com 


plete left facial paralysis. rolling movements developed the 


thetic wore off and were very severe for the the animal rolling 


rapidly the met some obstruction against ich 


tself, Wher Ing ill in the cage these attacks of rolling might be brought 


stimulatio the skin. During the second week 


t side with its legs braced ou 
movements gradually 


roughout the period 


the left and 


er operat on 


the head 


vere a 


the head and tail 
slosely to the body, t 


limb was extend 


and the 


1930. leep 


ime cdissecti the hind-limbs Was rformed as deserilv 


above, and the was then decerebrated intercollicular 
trepl ine « pening in the skull. Good decerebrate rigidit, 
ime on in fifte { wenty minutes, and was much more marked on 
thanon the right side. The left knee-jerk was much more active than 
inspection. Three hours later the preparation was attached the 
The general condition the preparation remained good throughout 
observation Records were iaken from the right 


was pronounced the right, and was markedly inhibited 


would partially its rig the left 
twelfth and fourteenth day. 
vas asymmetrical, the head the chin rotated 
to the right 
There was Inarked spontane us lateral 7 faqnius, the qu ck con ponent t 
right after operation. This became less during the second week and dis 
ppeared the week During the first week operation there 
is e te ypotonia oft left fore and hind-limbs, but durin the second + 
eek this hypertonia all four limbs, and much more marked 
the left side The Nee were at first « jually brisk witl ome fling to the 
ft Le Du the third week, however, the left knee-jerk was more brisk 
than thie ht. In the first ek the seratch reflex was active on the right 
it absent « the left Later, however, the scratch refle Wats eq ial and active 
the last day observation—the twenty-fifth day 
imal lay quietly its cage the horizontal plane with and 
lexed the left and the chin rotated slightly the left was able crawl 
few steps the floor crouching position, turning and falling 
e left Lhe righting reflexes were act ve, and \ : : he 
lexed to the left, the left fore-limb was stiffly extended e 
nkle slightly flexed, the claws extended the left hind- 
ickwards, t t s spread Qn seratching the pads of the left f 0t, however, 
toes were flexed. The right fore- and hind-limb were partially flexed. The 
knee-jerk was brisker than the showed 
nger latent period the left than the right. 
Myoyraphic examination. June 
juadriceps. 
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single break-shock the ipsilateral peroneal nerve. 
stretch reflex was not marked, and there was only very 


inhibition. The jerks both sides were small and very fast, 


duration, and there was inhibition any the jerks. 


and labyrinthine refleres were active the right, 
the being much higher with the head the 
head the minimal position. the left, however, there 
change the stretch background changing the position 

The crossed extensor response on the right was slight with 
maximal position, but absent with the head the 
left side the results were the same, but with even less prono 

Pathological necropsy the eight 
side were found transected, and 
to the caudal margin of the left lateral cerebella 
region the medulla 

DISCUSSION 

paper [4] was shown that the knee-jer! 
became changed from the decerebrate form the spinal form when 
lesions the homolateral anterior column the spinal cord were 
The chiet fibre tracts this region cord are 
follows: the tectospinal fasciculus, consisting both crossed 
uncrossed fibres; the' reticulospinal fasciculi described 
and the vestibulospinal 

unlikely that the tecto-spinal system exerts any great 


the present problem since within quite wide margins the level 


decerebration has little effect the form the knee-jerk its sus- 


ceptibility inhibition. definite conclusions, however, can 
drawn from the present series experiments regarding the 
the knee-jerks the reticulospinal tracts they play 
role the susceptibility inhibition probable from the fact that 
complete section the homolateral anterior column the spinal cord 
has greater effect the knee-jerk than large lesion the vestibular 
nuclei the medulla. 

The origin and course the tracts have 
heen described and discussed Gray who found direct and 
crossed vestibulospinal tract. The former originates the 
nucleus Deiters and passes caudally the ventro-lateral column 
through the entire length the cord. The latter originates 
descending vestibular nucleus Schwalbe the lower arcuate fibres, 
cross the midline and descend the medial longitudinal fasciculus 
the opposite side through the entire length the cord. Both tracts 
terminate the ventral gray column. confirmed these 


he 
the 
light, 
ght, any, 
, ising 10¢ 
iveraging 4 } 
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and also found that number fibres from the descend- 
ing vestibular nucleus passed caudally down the cord the 
medial longitudinal fasciculus. have shown that only lesions 
which reach the midline affect the knee-jerk and that lesions the 
vestibular nuclei increase the inhibition the knee-jerk the contra- 
lateral side evident that both crossed vestibulo-spinal tracts (which 
run the marginal fasciculus) well the direct (in the ventro- 
lateral fasciculus) play the control spinal motor 
also evident from the present experiments direct tract the 
nore the two. 

the medullary centres influencing the tonus 
keletal muscle, Spiegel found that lesions affecting the 
vestibular and the descending vestibular nuclei cause considerable 
liminution the rigidity decerebrate preparations. also found 
with lesions which extended more medially and involved the reticular 
ibstance the medulla and the vestibular nuclei that there was com- 

owever, acute, the medullary lesions being made through the 
approach shortly after rigidity had appeared following decere- 
ration. concluded that the vestibular nuclei were not solely 
esponsible for the rigidity seen decerebrate preparations. Further 
vidence was supplied the fact that certain operations the vesti- 
nuclei one side were destroyed with diminution rigidity 
same side, following which the vestibular nuclei the opposite side 
vere destroyed with return complete decerebrate rigidity instead 
lateral diminution which might expected. 

Our observations harmonize general with those Spiegel, and 
they also indicate that the lateral vestibular nucleus Deiters and its 
lescending spinal pathway undoubtedly the most important the 
nedullary centres essential for the maintenance decerebrate rigidity. 
results suggest that this nucleus exerts its influence diminishing 
the susceptibility inhibition the extensor centres the spinal cord, 
would urge once more that the condition spinal shock 
hich results when the vestibulospinal pathway severed due chiefly 
the greatly increased susceptibility inhibition the lower spinal 
entres. 

The correlation between the flaccidity observed clinically after 
lesion and the absence stretch reflex observed myograph- 


uly worthy note, and bears further evidence 


haracter the stretch reflex the maintenance posture 
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Section the nerve causes augmentation posture 


the same side ana effect every respect the opposite lesion 
the vestibular nucleus. The rigidity and stretch reflexes are 
increased the same side and the knee-jerk more inhibit. 


SUMMARY CONCLUSIONS. 


(1) Experimental lessons the vestibular nuclei normal animals 
cause hypotonia the side the lesions, forced rolling movements 
that side. decerebrated after interval three weeks, the 
rigidity and stretch reflexes are diminished the injured side, 


and the knee-jerk more readily inhibited. Marchi staining the 


cord such animals has shown extensive degeneration the homo- 


lateral vestibulospinal pathway and slight degeneration the crossed 
rn 


vestibulospinal tract. 


(2) Acute lesions Deiters’ area decerebration also cause vreat 


diminution rigidity the same side and increased susceptibility 


the knee-jerk inhibition. 
(3) conclude that the nucleus Deiters and the direct spinal 
pathway which gives rise chiefly responsible for the differences 


t 


between the decerebrate and the spinal condition, and hence its 


essential for preventing spinal shock. 


Addendum.—After our paper had gone press, learned that 
friend Dr. Paul Martin, Brussels, had carried out similar experiments 
and had reached the same conclusions the modification the knee- 
jerk after acute vestibular lesions. Dr. Martin began his experiments 


six months before ours were undertaken. 
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THE ELECTROMYOGRAM VOLUNTARY 
MAN 


IMYOGRAMS 


RICAL 


RECORDED WITH A 


contraction muscle associated with changes 
electrical potential the tissues immediately surrounding 
changes have been recorded deflections galvanometer connected 
pair electrodes placed upon the skin overlying the 


the numerous investigations these electrical 


changes action 


they have been called, has been the custom place 


electrodes line with the long axis the muscle, and either strapped 
upon the surface the skin penetrating this make direct 
contact with the subcutaneous tissues beneath 

The deflections oscillations will completely determined 
know their form, their amplitude and their frequency. 
terms these three characteristics that they will described and 


their variations under differing conditions discussed. 
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The the the course his measurements 
the latent period skeletal muscle, Hermann noticed that the 
electrical changes did not appear simultaneously all parts com- 
posite muscle. study their temporal distribution put 
forward the idea nervous centre each muscle and 
described the transverse plane which this lies the nervous 
His conception, that waves activity originate the 
nervous equator and spread from and down the length the 
has been accepted most subsequent workers, who have 
igreed with Hoffmann that the electrodes should placed close 
together and towards one end the muscle order get deflections 
the greatest regularity and amplitude. 

Using these conditions, nearly all investigators have found that the 
scillating record obtained consists series diphasic deflections, 
few have stated that variations potential are 
isual (Judin constant from certain muscles such the tibialis 
(Wacholder addition these comparatively short- 
lasting oscillating changes potential, long drawn-out, monophasic 
shifts the base line the record have been described. Most such 
etlects were originally due polarization the surface the electrodes, 
but they may also occur when this avoided and are then due 
nechanical shifting the position the electrodes the tissues 
Schilder has pointed out that polarization 
‘an have effect upon the form the quick, phasic oscillations and 
holds that such mechanical shifting the electrodes accounts for the 
alteration potential which Lewy found normally 
issociated with muscular activity. 


The amplitude the movements man 


vive, under the above conditions recording, electromyograms which 


show deflections regular amplitude. stand thus 
with movements man and other vertebrates, and 
vith the normal movements arthropods (Hoffmann 727), 

any one record the oscillations usually vary continuously from 
those just visible size those maximal size determined the 
nature the electrodes and the sensitivity the recording apparatus. 
\lthough this variation size continuous, most observers have 
the deflections falling into two groups: large, primary 
waves lower frequency, and small, secondary wavelets 
higher frequency. Others have carried this differentiation step 


righ 
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further and have separated three different types, primary and secondary 
waves, and Nebenzacken (Richter The original view was that 
the two chief types were attributable two different 
sources two different series phenomena associated with 
muscular contraction, and some this view still held. Thus 
Wacholder although agreeing that the graduation continuous, 
believes that the difference between the two types, large and small, 
which may simultaneously recorded leaves room for doubt that 
they are different origin. 

Weizsacker his study electromyographic changes 
certain pathological states, observed that the same degree contraction 
the muscle may associated with differing records, but that com- 
parison these records shows that the average amplitude the oscilla- 
tions roughly inversely proportional their frequency. From this 
infers that the total number electrical coming from the 
muscle may constant for any given degree contraction, and that 


these impulses will give many small oscillations few large ones 
according their degree overlap fusion. support this infer- 
ence points out that during the maintenance voluntary effort, 
which giving electromyogram the normal irregular type, series 
of tendon-jerks are € licited in the muscle usé d, the electromyogram now 
shows corresponding series especially big deflections with silent 
intervals between. 

This view the deflections being contributed many different 


t 
It 


parts the muscle each which produces electrical 
surroundings becomes active, and having varying amplitudes 
determined the degree fusion the etfects these constituent 
parts, now generally accepted. clear that this fusion will depend 
upon the relations the individual muscle-tibre groups the electrodes 
and upon their relative synchronization When these fibres 
which are contributing the electrical changes are mainly synchronized 
and few only are out phase, the tendency will for the records 
contain few large deflections corresponding the 


in-step, together with many small deflections corresponding those 
phase unsynchronized. Many observers have noted the disappear- 
ance the smaller oscillations when regular, larger ones appeared, and 
Wacholder refers explicitly the association between the sudden, 
simultaneous increase amplitude and greater synchronization 
the innervation impulses the muscle recorded. 

this view, that differences amplitude the deflections are 


| 
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different degrees synchronization the muscle-fibres, correct 
then the amplitude cannot expected give any measure the force 
the contraction. This conclusion supported and 
Wacholder their reviews this subject. 

discussion the variations amplitude which have been described 
‘an, for these reasons, more usefully postponed until the question 
nnervation considered. 

frequency the the figures given 

different observers for the deflection frequency complicated 
three 

Some observers have counted the waves different size-groups 
parately—others the total number waves irrespective size 

sensitivity lead great differences 

the records obtained. Where total deflections 

this leads apparent reduction only frequency the 

ess sensitive records, due the fact that some the deflections are 

small Where different size-groups are counted 

eparately, leads relative diminution the the 

detlections when the sensitivity decreased 
connection with few records have the conditions recording 
articular respect the tension 
rec 
published his conclusion that the frequency 
was per second for all voluntary movements 
different strengths contraction. Subsequent 
very often seen the electro- 
voluntary movements, more especially when the muscular 
that may also much lower. With increas- 


recording 


and with electrodes which are influenced 


changes only, rates low 8-10 (Wacholder 


have been found associated with slight 

when the greatest effort made the 

above per St cond, and most observers 


that the most common frequency for the large 


Richter 40-65; Wacholder 50-75; Henriques and Lind- 
ird 533 ‘4 10-605; Sal | 61 50: Proe bste 40: Cobb and 


rbes Semereau and Weiler 50.) The significance 


sensitivity 
5-8 per second (Richter 
legrees voluntary effort. 
rate has not been found 
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this per second rate has yet determined and will 
later. 

The results those investigators who have estimated the frequency 
the smaller waves are still less comparable, because while wit! 
stronger voluntary effort the large waves tend become more regular 
the smaller waves become irregular and grouped, disappear. 
moderate degrees contraction their rate has been variously estimate 
from 300 per second. (Altenburger 160-190; 


150-180; Richter 180-250; Proebster 200; Pradwi 


Neminski 20-150; Trendelenburg and Schutz 120.) 


are here considering the frequency galvanometer-deflections 
and the light more recent knowledge the electrical field set 
active muscle and the varying synchronism innervation 
different muscle-fibre groups, clear that significance attaches 
these figures. They could only have value some assumption such 
that made Athanasiu were correct, i.e total 
mass always synchronously this case also, the san 
author’s suggestion that the ratio the small the large wave fre- 
quency tends constant (4:1) would not improbable. 
have good grounds for supposing this suggestion invalid, 
frequency measurements and their comparison are probably meaningles 

summarize the evidence the above paragraphs, may 
that the electromyogram normal voluntary movements, recorded 
means string-galvanometer and surface electrodes, shows series 
diphasic deflections oscillations. These are irregular amplitude 
but fall roughly into two groups, large and small deflections, 
they recur the average rate per second and 180 per secon 
respectively. With increasing muscle tension the galvanometer defle 
tions show rise total frequency, increase average amplitud 
and change their individual form. These are only generalization: 
and neither the variables, frequency and amplitude, alter any 
proportionately with the rise tension. Moreover, given tension 
the same muscle repeatedly and similarly recorded, not invariably 
associated with the same type electromyogram. has beer 
shown Wacholder that contraction and relaxation respectively, 
through certain phase muscle tension, yield quite different pictures 
and that the same muscle used agonist, antagonist, 
synergist for different movements, gives record each 

The interpretation these differences depends upon differences 


1 


the innervation and not the forms muscular activity, and 


4 
* 
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correctness with which can infer the character this innervation 
from the galvanometer deflections will decided our ability 
determine the source the potential differences recorded and the factors 


governing their appearance and form. 


FIELD SET THE SURROUNDINGS 
CONTRACTING MUSCLE. 


muscle strip isolated from all other structures and stimulated 
contract shows series changes electrical potential, 
along its surface the wave mechanical activity spreads 
through it. the light the results previously obtained from the use 
such isolated muscle preparations, has proved difficult interpret 
the galvanometric oscillations associated with the activity intact 
muscles when electrodes are placed upon the surface 
Recently, however, the work Craib has made this interpretation 


possible. has shown that the deflections resulting from 


ictivity isolated muscle preparation depend upon the amount and 


the conducting medium surrounding the muscle and 

ipon the position electrodes within this medium which 
the electrical field. The records obtained from muscle strip 

air differ greatly from those given the same strip when surrounded 
with saline solution, and Craib has studied the galvanometric responses 
obtained from electrodes placed different parts such conducting 
medium. His observations have proved successful the interpretation 
electrical potential which accompany the activity 

and may look them provide satisfactory 


the electromyogram voluntary contraction skeletal 


recently that needle electrodes thrust right 
nto the active muscle have been employed (Adrian and Bronk 
has been pointed out, the electromyograms voluntary movements 
previously pul lished have been obtained the use electrodes placed 
ither upon the surface of, just beneath, the skin with the 
nterpretation electromyograms that are now concerned, i.e., 
those recorded from what may speak electrodes 
parallel the long axis the muscle and towards one its 
ends 


muscle. 
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the above figure X—Y taken represent the active portion 
the intact muscle and A—B, pairs electrodes 
making contact with the surrounding tissues, learn from Craib’s 
work that wave activity passes from diphasic deflection 
will recorded from A—B and and deflection 
from This last will consist typically six phases, 
three contributed the passage the active region beneath and 
three the passage beneath These six phases are not equal 
magnitude and they suffer various degrees fusion which are de- 
pendent upon the length the active region, the nearness 
one end the muscle. the distance the electrodes from the 
muscle increased all the phases are diminished and the already 
elements the detlection rapidly become too small record 
result the overlapping the effects from and and the 
dropping out phases which have become too small record, the 
deflections usually obtained from such with 
electrodes the position and are triphasic when the electrodes 
are near the muscle and diphasic when they are remote. 

From these results see that regard the strip con 
sisting the active skeletal muscle, and the electrical field resulting 
from its activity being set the surrounding conducting medium 
provided the other structures the limb which this muscle 
lying situ, may summarize concerning the ex- 
pected this way: the deflections will diphasic form all cases 
except where the electrodes are placed intimate contact with the 
muscle, are well separated each from the other and from the ends 
the muscle, and are such position that the wave contraction 
activity passes immediately beneath them both: which case they will 
triphasic. 

the section dealing with the form the making 
the voluntary electromyogram was stated (p. 345) that Wacholder had 
found triphasic deflections constant for the tibialis anticus. 
possible that the relatively superficial position this muscle, which 
surface electrodes come into closer contact with than with 
most other muscles recorded, sufficient explain this result. 

The results above described have been obtained from parallel 
fibred muscle strip, stimulated contract one end, that wave 


contraction passes along the muscle from the end 


voluntary contractions intact skeletal muscles are 


the case 


kas 
i 
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dealing, for the most part, with muscles which have some degree 
pennate arrangement their fibres and which the spread the con- 
traction not entirely function muscular conduction but 
probably the result the intramuscular nerve filaments. the case 
the isolated muscle strip the moment which any particular part 
the muscle contracts depends upon its distance from the end stimu- 
lated the case the intact, composite skeletal muscle might 
expected that the sequence which the different parts the 
contract depends upon their physical distribution about the tendon 
through which their effect exerted, and not upon their distance from 
any particular transverse plane the muscle, e.g., the nervous equator. 
That some parts muscle such the quadriceps femoris are 
normally thrown into contraction before others has been shown Golla 
ind Cook who find that when this muscle voluntarily contracted 
wave activation seems spread down the muscle That 
this effect not due conduction the intramuscular nervous fila- 
ments considered them decided the observation that the rate 
spread six times slow the rate nerve conduction. 
These authors find that when the two electrodes are either both 
proximal both distal the nervous equator, the current action 
diphasic and opposite direction the two cases. When the 
lectrodes are placed one either side the equator the current 
two diphasic electrical responses travelling opposite 
50). This interpretation not tenable. For presumably the 
other cases the two electrodes placed toward one end the muscle 
that activity spreads first under one and then under the other, the 
diphasic form the action current regarded being due relative 
negativity the first electrode with regard the second, and then 
the second with regard the first. were other than this one would 
expect polyphasic deflection. When the electrodes are placed one 
either side the nervous equator, the supposition that wave 
contraction (negativity) spreads and down the muscle 
plane, the effect the wave spreading proximally should transitory 
relative negativity the proximal electrode, that the wave spreading 
distally should transitory relative negativity the distal electrode. 


should thus expect the electromyogram show diphasic alteration 
relative potential result the fusion these two monophasic 
changes. case could triphasic current action anticipated. 
However, these results are capable another explanation. has been 
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shown above that the conditions which favour the appearance tri- 
phasic action currents include wide separation the electrodes from 
each other and trom the ends the muscle, that the active region 
lies wholly beneath them and not mainly one the other side 
These conditions are more nearly fulfilled the case which the 
electrodes are separated either side the nervous equator than 
any other position, and suggested that this, rather than the presence 
dual wave activity, the cause the triphasic response 
obtained. 


RELATION BETWEEN THE ELECTRICAL AND MECHANICAL 
MUSCLE. 


the three associated phenomena which commonly characterize the 
activity muscles—namely, shortening tension development, meta- 
bolism with heat production, and electrical phenomena—it the first 
which gives them their value the intact organism and which may 
change that the galvanometer deflections must considered. The 
electrical variations responsible for these occur only intact 
muscle association with activity, shortening tension develop- 
ment. Whether the three phenomena mentioned above are all con- 
comitant expressions some underlying fundamental change, whether 
any one them stands casual relationship the others, will have 
due course considered. 

That the electrical variations observed the locality contracting 
muscle are not adventitious the muscle function the same sense 
the heat liberated contraction, indicated the constancy with 
which apparently normal mechanical, metabolic and electrical changes 
are set response electrical stimulation the denervated muscle 
may now consider the temporal and quantitative relationships the 
electrical and mechanical changes. 

The relation and Hugenholtz finding that 
there was interval between the appearance the electrical and 
the mechanical change, concluded that there were but different results 
the same process. similar conclusion was reached Arbeiter 
Fulton has repeated these observations with more exact methods and 
finds that the electrical precedes the mechanical change the skeletal 
muscle the frog about 1°5 sigma much longer value 
given Kleinknecht who reports that cooling the muscle may 
increase the period three times its original value. Fulton has also 
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found that the size the electrical change proportional the initial 
heat liberated. These results indicate that the electrical change pre- 
cedes the mechanical change interval which suggests that 
ndex those processes which the tension contraction effect 
result. 

the case the ordinary phasic twitches skeletal muscle the 
much shorter duration than the mechanical and 


electrica 
vhile tetanus plateau maintained tension may result from com- 
plete fusion the mechanical contractions, the electrical responses 
stimulation always remain distinct and separate. only the long 
action currents associated with some forms tonic con- 
tracture striated muscle that any approximation duration 


electrical and mechanical responses can found (Lee Bishop and 


relative size electrical and mechanical responses.—In parallel- 
tibred muscle increase submaximal stimuli leads increase size 
both effects, due the activation more and more muscle fibres. 
When maximal tension development reached further increase the 


the stimulus does not lead any further increase ampli- 


tude the electrical variation. With repeated just-maximal stimuli 
etfects diminish fatigue appears. finds that they 
parallel courses their decrease become extinct together. 


the other hand finds that neither their courses ex- 
nor their recovery rates after cessation stimulation are 
parallel. But used the gastrocnemius preparation from frog, and 
Ray and Hopkins have explained the prior extinction 


the mechanical effect found him terms the obliquity the 
this muscle. 

the unfatigued expected that the electrical 
tfect will constant amplitude and that will give true indica- 
tion the functional mechanical activity that fibre however this 


stimulated, e.g., voluntarily 


RELATION GALVANOMETER DEFLECTIONS ACTIVITY 


CENTRAL NERVOUS SYSTE) 


have seen, the familiar electromyogram voluntary muscular 
ntractions obtained the use two distant electrodes and string- 
consists number deflections varying sizes and 
liffering rates. But, Hoffmann [38] has pointed out, cannot 
safely infer anything central nervous activities from 
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records electrical phenomena muscle obtained this way. 
true, will appear later, that records from electrodes arranged 
individual muscle fibres provide information the 
conditicns motor-nerve innervation and thus allow conclusions 
the activity nerve centres. the present, however, are con- 
cerned with the older type electromyogram obtained distant 
electrodes which tap whole muscle mass. 

Chapter III, reasons were advanced for believing that 
electrical variations under consideration were entirely expression 
muscular activity, and there are grounds for suggesting that 
tions one size and rhythm are contributed nervous impulses 
corresponding rhythm, and that those another rate are arising 
muscular responses those impulses. All arise the muscle and thus 
all stand the same relation the activity the motor-nerve neurones 
size each deflection will depend mainly upon the number 
muscle units engaged. 

Two assumptions have been made with regard the relation 
between the frequency motor-nerve impulses and the galvanome 
deflection rate. One assumption, that the muscle possesses inh 
rhythm which responds motor-nerve impulses higher 
has been carefully examined and found insufficient Adrian 
other, that the muscle shows repetitive response slower rate 
innervation, based upon equally unsatisfactory grounds 

Although the result experiments designed show simultaneit 
activation different parts the same muscle 
neighbouring muscles (Altenburger and Forster) must 
reserve the absence strict control the origi 
currents, simultaneous records motor-nerve impulses and 


contraction (as taken from the phrenic nerve and diaphragm 


and Garten give strong support the view above stated that 


muscle contributes nothing the way inherent 
frequency the deflections. 

Since the amplitude the galvanometer deflection determined 
the number muscle units active, each unit were innervated 
separate and distinct path from the central nervous system 
able decide from the frequency and amplitude alone just 
lower motor neurones were active any given moment and what 
rate. This is, however, not the case. One motor neurone may activate 
several muscle units, single muscle unit may derive its innervation 


from morethan one motor unit. second these possibilities has 
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been shown unlikely the case the frog and the rabbit 
(Fulton for which animals was originally suggested, and 
improbable that occurs man. The former suggestion almost 
certainly true. The number nerve-fibres motor nerve far 
smaller than the number muscle fibres the muscle 
innervates, that clear that each nerve-fibre must capable 
more than one muscle-fibre, much the same way Adrian 
has shown hold for the afferent nerves from skeletal muscle where 
several tendon end-organs are connected with each afferent 
could assume further that activity nerve-fibre always entails 
contraction all the muscle-fibres which innervates then this compli- 
cation could disregarded and the units electrical field production 
shifted from the individual fibre the composite unit. But will 
later shown that such assumption not valid. 

The central nervous discharge may varied only certain 
respect the number neurones involved, the rate the 
impulses each neurone, and the time relations the activities the 
various neurones 

view the relatively short refractory period the peripheral 
nerves probable that they not contribute anything the nature 
inherent rhythm modifying that the central motor innervation 
but that they simply pass unaltered the train impulses which 
results from voluntary reflex excitation the anterior horn-cells 
known that repeated rhythmic stimulation afferent nerve will 
lead reflex motor discharges which reproduce faithfully the stimulating 
rhythm rates higher than those which are met the normal 
electromyogram, that probable that the source any rhythms 


voluntary activation must sought higher level 


ing 
han the lower motor neurones. results rhythmic stimulation 
the cortical motor centres have not given unequivocal evidence favour 
found that the rate stimulation the cortex was followed strictly 
the electrical discharge from the muscle 170 stimuli per second. 
Cooper and Denny Brown working with monkeys found similar 
parallelism from 180 per second, and Plattner found 
between 200 per second. However, Hoffmann 39) found 
dogs only rates between and per second were accurately 
followed, lower rates the muscle responded double treble 
frequency and higher rates the frequency was halved. The first 


experiments suggest that there dominant rhythm within the 


356 ORIGINAL ARTICLES AND CLINICAL CASES 
limits given then probably not cortical origin, the second suggests 
that the cortex tends normally discharge per second, rate 
which has been much favour characteristic normal voluntary 
electromyograms. 

interest here examine the possible significance this 
per second rhythm. has been subscribed many observers 
and confirmed many different ways that cannot due any 
particular form recording, but must represent the tendency for 
periodic large alterations the electric field this rate, i.e., for 
tendency tosynchronization the muscle elements this rate. That 
synchronization effect follows clearly from the fact that 


Fic. 1. 


synchronization the smaller elements that larger deflections can 
produced and also from the fact that those records 
parts any one record which this rhythm best marked the 
secondary waves due elements out phase are least conspicuous. 
From muscle such the triceps the arm during voluntary 
activation, using needle electrodes (Adrian and Bronk 
Matthews oscillograph, records such those shown fig. are 
obtainable. With the slightest degree voluntary effort series 
deflections equal and small amplitude are and evidence has 
been given elsewhere (Pritchard for regarding these coming 
from the individual muscle units. With higher degrees ther 
found not only increase rate but increase amplitude: 
intermediate stages fusion individual units can clearly traced 
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ipon intermediate records. the record strong voluntary con- 
traction measured found that the larger deflections, which are 
juite irregularly spaced, occur the rate per second, upon 
background very many smaller deflections, these deflections are due 
the same periodic electrical changes which give the large deflections 
primary waves—of the string-galvanometer record and 
was suggested the same paper that the 
naximal number motor units which could simultaneously activated 
voluntary effort might function the neuronic connections 
‘either the peripheral nervous pathway higher 
summarize this view the relation between electromyographic 
flections and central nervous discharge, suggested that the type 
record obtained with the string-galvanometer and two independent 
stant electrodes gives direct clue the rate motor impulses 
the peripheral nerve-fibres, view the complexity the 
mparatively distant regions. Thus impossible separate 
esponses obtained from functional units one from the other, but 
ites detlection obtained are determined wholly the rates 
scharge along the lower motor neurones. obtained from more 
trictly localized intramuscular electrodes enable infer with 
degree probability the rates discharge certain cases. The 
per second rhythm, which has been held characterize the electro- 
vograms voluntary movements and for which many different origins 


probably function the relation between the 


ive been su; 
umber motor-fibres and the number muscle units which they 
ipply, and does not represent the inherent tendency discharge 


that rate either the muscle any part the central nervous 


INFLUENCE FATIGUE THE ACTION CURRENTS 
VOLUNTARY 


have been recorded affecting respectively the ampli- 


Three cha 
ide, the form and the frequency rhythm the galvanometer 
eflections. ‘The fall total frequency the large waves from 

enerally confirmed (Altenburger Altenburger and Guttmann 
regor and Schilder Cobb and Forbes increase 


juency has not been observed, but some (Dittler and Garten 


have counted the total oscillations and not the larger waves alone, 
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have come the conclusion that the diminution frequency 
former apparent only, and due the fact that some oscillations 
become too small detected. 

almost all cases the observed drop frequency associated wit 
increase amplitude the larger waves. 
Guttmann |4] have established from their records reciprocal relati 
between frequency and amplitude holding good the earlier 
slowly fatigued voluntary movements. The interpretation 
relationship helped the observation that associated with 
diminution absence the Nebenzacken secondary wavelet 
leading relative quiescence the galvanometer between the larg 
suggests that with the onset fatigue the motor cells the cord ten 
fire off simultaneously volleys that there increasing 
synchronization the different muscle units: conclusion reache 
Bornstein and Sanger Fulton and Haas 
further observation some workers Altenburger 
the large waves are more drawn out, i.e., increased duration—althoug 
this not found others (Cobb and Forbes [13], Gregor and Schild 
neuromotor units giving incomplete fusion the muscle units, 
slight temporal dispersion leads prolongation the sum 
electrical action currents. 

Altenburger and Altenburger and Guttmann have dis 
between changes occurring loaded and unloaded 
and fatigue attained rapidly gradually. Thus they found that 
increase amplitude the oscillations found only loaded mus 
and that late fatigue gives way increase duration, 
synchronization different muscle elements becoming 
When the volleying impulses becomes still more 
further stage approximation the moments discharge grea 
numbers neuromotor units reached that the summated eff 
from different groups muscle units tend thrown together, 
record shows grouping the deflections 
with periodic outbursts approximately 
Bornstein and Sanger have associated this grouping 
higher degrees fatigue with the development fatigue trem 
The greater the degree fusion volleying the impulses the 
will the number muscle units which become active simultaneous 


and the more pronounced will the tremor. 
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appears, therefore, that when voluntary activity the same 
prolonged there develops tendency for volleying the motor 
scharge with increased synchronization the different muscle units, 
action currents greater amplitude and diminished frequency, 
finally degree fusion which results tremulous maintenance 
tension the whole muscle. 

These being the changes the electromyogram fatigue 
itural inquire the mechanism their production. About this 
there present less agreement. has been shown 
Pritchard that the volleying impulses during fatigue 
contractions exactly similar that which may seen 
aracterize any severe muscular effort which leads tremulous 
and this from the outset such effort and before the 

rmal fatigue mechanism can regarded playing any part. is, 
erefore, reasonable look within the central nervous system for the 
echanism productive both fatigue and effort tremor. The changes 
the muscle itself during fatigue not provide explana- 
probable that the muscle mechanisms have 
serve render them relatively unfatigued under physiological condi- 
including those voluntary movement fatigue (Guerra 
has been shown (Beritoff that when muscle fatigued experi- 
entally repeated stimulation its motor nerve the current action 
affected less easily and smaller extent than the power contrac- 
relatively greater resistance fatigue which 
ralleled the more rapid and earlier complete recovery the action 
after cessation the motor-nerve explains 
effect due the fact that the electrical associated with 
tability and not with the acid breakdown 
results the mechanical change. Fulton who holds that 
current and contraction run parallel course towards extinction 
fatigue, points out that since the accumulation contraction 
the muscle results diminution the action current, 
increase the oscillations seen the fatigue electro- 
cannot referred increase electrical effect from each 
iscle unit active, but can only explained basis synchronism 
their innervation 
Weizsacker refers the diminution frequency and increase 
nplitude fatigue the proprioceptive nerve-endings the muscle, 


lding that the central nervous system tends discharge from its 
neurones with slow automatic rhythm, and that all normal 
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voluntary movements this rhythm broken the interference 
proprioceptive impulses received from the muscle innervated. Wit! 
fatigue these proprioceptive nerve-endings and the consequent dim 
nution their effect, there ensues nearer approximation the 
automatic rhythm the central nervous Against the sugves 
tion that such changes may result from fatigue the central nervou 
discharge, draws attention the results Hoffmann who fou 
evidence fatigue the stretch reflexes after 10,000 repetitions 
three minutes. But this provides equally sound reason for 
the notion fatigue the proprioceptive nerve-endings, since 
integrity the stretch much dependent upon thei: 
operation upon the motor discharge. 

The increase the tendon-jerks normally associated with 
fatigue indicates that the proprioceptive stretch reflex mechanisn 
made hyper-excitable rather than diminished activity and acc 
with Fulton’s suggestion that accumulation catabolites 
muscles may make the proprioceptive nerve-endings more 
sponsive. ‘This hyper-activity the proprioceptive reflex 
will give relative increase the reflex component voluntary inn 
vation and relative diminution the cortical component leading 
diminished (Fulton |24 i.e., increased sy1 
chronism, increased amplitude the action currents, and mechanic 
tremor. The observation that the rates clonus and fatigue tren 
are identical adduced support this view. has been show: 


that very strong isometric voluntary contraction group muscles 


frequently tremulous from its beginning and the 


shows characteristic tremor; this suggests that 


effective muscle units have been thrown into synchronous activity 


When the same group muscles fatigued repeated 
contraction with very light load (the muscles being allowed short 
and extend fully with each effort), shortly after fatigue noticed ther 
appear changes the myographic and electromyographic records 
are strictly comparable the above, i.e., shortening and lengthening 
become tremulous and intermittent and the electrical discharge bec 
volleyed the There can adequate reason for re; 

ing the changes occurring these two sets circumstances 

origin nature, and the terms effort tremor and effort 
may used respect either. They both have sens 
strenuous activity the mental counterpart the physical changes 
and has been pointed out the same paper (Pritchard that 


‘ 
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the tremulous movements paralysis agitans are indistinguishable 
from those isotonic and isometric fatigue respect all three 

characteristics 
convenient have some term which will express the occurrence 
this group phenomena modifying voluntary movements. The 
term ¢ fii si) frome has been here suggested and will be us¢ d to 
deno vpe that phase voluntary movements, accompanied 
sense (strenuous) effort, which the mechanical shortening 
intermittent the tension maintenance discontinuous, and the electro- 
the volleyed type. The group frequency 
any one case identical with the intermittent 
quency the mechanical contraction, the one being record 
activity which determine the occurrence the 

the case epeated isotonic movements and paralysis agitans, 
former and chronic fatigue the latter might 
the peripheral mechanisms contraction and the 
bolites which exercise secondary effect upon the 
-endings. But such sequence events can 
for the alterations the efferent discharge pro- 
syndrome the case suddenly initiated, strong 
iovement 

the excessive stimulation the proprioceptive end-organs 


which 


robably occurs very strong isometric contraction might 


regarded providing explanation for the effort syndrome this 


case, but the development excessive tension does not take place 
shortening and lengthening movements and, there- 

for the appearance the effort syndrome either 

sotonic fatigue paralysis agitans. Further, has been shown 
Adrian that such excessive stimulation the tendon organs leads 
well-marked fatigue with diminution their rate discharge 

seen above that there are serious objections the notion 

mechanism underlying these synchron- 


and that their hyper-activity would provide better 


therefore, conclude that there adequate explanation 

voluntary effort syndrome terms peripheral changes such 

alteration the muscle the afferent impulses received from it. 
remains determined whether there any explanation forth- 
coming from consideration the central nervous mechanism the 


purely motor side. 


explanation. 
4 


ARTICLES AND CLINICAL CASES 


ORIGINAL 


The change the form the electromyogram which results from 
the fusion asynchronous elements into synchronous groups clear 
cut. results series separate deflections uniform amplitude 
the innervation mechanism, new effector unit the composite group 
innervated from single from intimately related motor neurones. 

The further change, occurring fatigue, which results the group- 
ing together these larger deflections contrast the 
process which not nearly definite: the groups, such, 
distinct but the further fusion deflections never complete. 
individual deflections, although grouped, still occur the same average 
rate. characteristics suggest that the grouping volleying 
effect the result some periodicity action central multi-fibre 
mechanism having natural frequency which only elicited 
abnormal conditions 

The mechanism which has been shown account 
for the first stage synchronization the motor impulses, that 
from individual units composite units, may operative 
any single proximal centrifugal pathway exerts control over 
distal centrifugal paths. this condition obtains higher levels 
the nervous system might expected that the further degree 
approximate synchronism the larger units results from similar 
mechanism higher the motor paths. might for example 
place the level transmission motor innervation from the pyramida 


fibres the anterior horn cells, the level influence the cells 


the motor cortex some other region the cerebrum. are, 
however, several reasons why improbable that such mechanism 
comes into play these levels. 

the first place, the two steps towards temporal fusion 
deflections, above indicated, are different types The periphe ral 
mechanism function the lower motor neurone and muscle-fibre) 
one frequently called into play all movements moderate intensity 
results type innervation which still completely dispersed 
and aperiodic, giving still smooth contraction and sustained tension 
development. ‘The suggested central mechanism one which provides 
type action which characterizes abnormal whether disease, 
uneconomical the contraction intermittent and the tension discon- 
tinuous. normal persons the primary synchronism individual 
units into larger units invariably precedes the secondary synchronism 
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into groups. For this obtain the frequency the the most 
central paths requisite synchronize all the intermediate paths must 
than that sufficient for synchronizing all the individual muscle- 
into secondary muscle unit. Therefore, the central and 
peripheral mechanisms are identical type, the first stage fusion into 
larger muscle units must always precede the second stage grouping 
into volleys. this not the case either isotonic fatigue 
paralysis agitans, where volleying and tremor can take place with the 
motor units still acting separately. 

The groups deflections the effort syndrome indicate outbursts 
activity producing tremulous contraction which involves the whole 
most the muscle, that for the grouping the result 
mechanism similar that already outlined would take level 
which single neurone, multifibre but synchronous motor path- 
way work providing all the excitatory innervation. Such tremor 
cannot contributed anything less than the whole motor mechanism 
some level. must mean that such level the mechanism, 
still composite with regard the number pathways through 
imposing upon the impulses which transmits secondary regular 
rhythm. must mechanism which capable responding 
aperiodically normal circumstances, but which under certain condi- 
tions contributes that secondary rhythm which results its breaking 
continuous stream impulses coming into discontinuous 
stream impulses passing from it, converting steady incoming 
stream impulses into intermittent outflow. 

the field applied physics there are several other similarly related 
systems which show the same type action, the conversion 
continuous into discontinuous discharge virtue inherent 
periodicity, and instructive examine these further. 

The ordinary whistle when blown into gently transmits merely 
rush air; the speed with which the air passes through increased 
value reached which note elicited, i.e., certain pressure 
air the natural period the whistle excited and oscillations are 
set up. Perhaps more strictly parallel less familiar the behaviour 
fluid flowing through circular pipe. low velocities the lines 
flow are axial, that part the fluid flowing down the centre the pipe 
having the greatest velocity and that contact with the walls being 
virtually rest. the pressure input and speed flow are 
increased, value reached which the above conditions are 
longer present. Vortex flow substituted for axial flow the fluid rolls 
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over the sides the pipe. Vortex waves are set and the discharge 
becomes oscillating. The rate flowat which this takes place depends 
upon the pipe well upon the fluid, and has been empirically 
expressed terms the viscosity and density the fluid and the 
radius the pipe. 

example oscillating system another field work 
provided electric circuit which contains condenser and 
inductance the frequency oscillation such system may 
shown function the capacity the condenser and 
inductance. 

may argued that these examples the parallel imperfect 
because the input truly continuous, whereas this never the 
with central nervous innervation. Yet examine other systems 
which the objection cannot raised, find that the same type 
relation between the critical rate input and the properties the 
system holds good. Thus stretched wire periodically displaced 
transversely one point and often released, series waves travel 
along the wire both directions from the point displaced, these waves 
having distance apart dependent upon the frequency displacement 
this frequency rate progressively increased stage reached 
which the natural frequency the wire called out and stable oscilla- 
tions different form are set up. This frequency expressed 
terms the tension the wire and the mass per unit length. 
The above vibrations are Longitudinal vibrations 
set any suitable medium such gas find similar 
terms the modulus elasticity, and the density the medium 

Taking each these examples oscillatory system, find that 
tho essential properties upon which its characteristics depend, and 
terms which that critical input value which elicits oscillatory dis- 
charge expressed, are two number and invariably the same 
physical dimensions. One property that inertia akin it, and 
the other elasticity, i.e., one limits the immediate effect impul- 
sive stimulus disturbing force and the other tends constantly 
the condition quiescence equilibrium. 

Thus the electric system the inductance corresponds the lag 
inertia and the capacity the elasticity. the fluid 
viscosity represents the inertia, and the density the resistance com- 


pression tendency re-expansion. the stretched wire the mass 


per unit length determines the inertia which limits displacement and 
contributes the momentum overthrow, and the tension the wire 


y 
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determines the restoring force pulling the displaced elements back into 
line. 

These two properties, one akin inertia and the other elasticity, 
endow the system which they occur with the oscillatory characteristics 
which shows. If, therefore, the central nervous mechanism which 
mediates the motor discharge between the cortex and the muscle, proves 
closer examination behave its other activities well, such 
way lead ascribe properties having similar characteristics 
inertia momentum and elasticity, may conclude that 
contains within itself those properties the combination which both 


essential and sufficient for the production oscillating 


discharge. 

Such mechanism cannot determined the physical property 
the muscle itself because this varies considerably the difterent 
conditions which the tremor effect can observed. probably 
not the level the cortex because, Fulton has pointed out, the 
rate effort tremor and clonus are identical under comparable con- 
ditions, that probably mechanism which shared both 
voluntary and proprioceptive reflex activities. cannot anywhere 
along the lower motor neurones because the whole muscle involved. 
must conclude, therefore, that exists all must some- 
where along the course the reflex pathway central the motor 
neurones and yet the efferent side the reflex arc. 

subsequent paper will argued that mechanism having 
the properties mass and elasticity and situated this position will 
for the observed facts spinal reflex behaviour 
respect excitation and inhibition. These facts have been examined 
and their interpretation attempted such ballistic 
The conclusion reached that not only the behaviour the 
mechanism, under conditions reflex excitation, also compatible with 
the presence nervous centre acting certain way, paralleled 
the field mechanics system having these properties, but that 
can more completely interpreted terms such system than 


1 


terms any other hitherto suggested 


CONDITIONS. 


gravis, paralysis agitans, lower motor neurone lesions, 


sé 


spastic conditions, tabes dorsalis, reflexes man, involuntary 
movements, chorea, convulsive states and contractures. 


1914 Athanasiu and Harrison reported 


Myasthe nid gravis. 
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two observations upon the voluntary electromyogram myasthenia, 
that the action currents were smaller than normal and the same 
direction those resting muscle. contrast they reported that the 
direction the action currents normal persons during voluntary 
activity was the reverse those present resting 
pathological alteration current direction has not been found any 
other workers and probably consequence their electrical circuits, 
but their diminution the amplitude the deflections has been since 
confirmed Herzog 1917, Schaffer and Brieger 1922, 
and Woolf, Kleitman and Cobb 1928. 

Herzog found that this was the only particular which the electro- 
myogram was abnormal and made the important additional observation 
that such patients may fatigued standstill without any subjective 
feeling fatigue. Woolf, Kleitman and Cobb found that the only 
change was one amplitude. fatigue advanced the frequency 
the deflections remained unaltered and the amplitude, small even the 
beginning, increased during the first bout work and later slightly 
diminished. contrast, when healthy muscle was fatigued the fre- 
quency became less and the amplitude greater. Artificially induced 
venous stasis had effect the electromyogram. 

Both Herzog, and Schaffer and Breiger examined the effects 
electrical stimulation the muscle its motor point. The former 
found that single stimulus resulted many contractions, with single 
action current followed many small wavelets; the latter authors 
found that each stimulus gave diphasic action current but that fara- 
dism gave series abnormally small deflections. Both found that 
the latent periods the tendon reflexes were unaltered. They con- 
cluded that the defect lay the muscle itself. Woolf, Kleitman and 
Cobb placed the essential lesion peripheral the anterior horn cell. 

The sudsidiary observations made these authors are great 


significance with regard the site the defects leading the 


characteristic symptoms the disease. 

Herzog noted the absence sense fatigue even when 
voluntary movements had become impossible, and the absence normal 
fatigue changes the electromyogram. Woolf, Kleitmanand 
confirmed both these observations and also noted that more vigorous 
contractions, when these were possible, showed 
towards rhythm their electromyogram than weaker contractions. 
They particularize the departure from the normal fatigue picture 
showing absence the usual increase amplitude and the decrease 
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frequency changes which have been shown result from greater 


degree synchronism the muscle units and greater degree 


volleying the innervation impulses. clear, therefore, that 


may summarize the findings this disease consisting absence 
both the subjective feeling fatigue and the increased synchronism 
the innervation impulses the muscle units, failure the 
normal voluntary effort syndrome which has been shown above 


associated with central nervous mechanism rather than with the 


peripheral muscular neuro-muscular apparatus. 
Paralysis and Sanger and Hoffmann 
Hansen and Weizsacker reported that action currents are present 


the resting limbs patients suffering from Parkinsonian rigidity 


apart from any static tremor. ‘These results are not confirmed 
and Pritchard who found that the 


Gregor and Schilder 


resting limb was free from signs activity 
Hansen and Weizsacker further found that passive 
movements impressed upon the rigid limb without active co-operation 


tance result waves increase the electrical 


resist 
activity present the quiescent limb. records such 


shifting 


passive movements show series notches upon 


base line, these notches corresponding with the separate stages the 
resistance felt manipulation the limb; the notches 


are themselves due electrode shift each transitory interruption 
small outburst 


movement and each immediately 


electrical oscillations, the curve being otherwise free from signs 


action current 
Gregor and Schilder 1913, showed that the static tremor corre- 

sponded series tetanic contractions each which yields two 

the following year 


four galvanometer deflections foot tremor 
and Sanger confirmed these results. ‘They found groups 
waves the rate per second, the groups 
per second with This 


three five big 
recurring intervals 
rate they held characteristic tremor central nervous origin, 


tremor partly myogenic origin having less frequent action currents. 


Rehn 
large waves the rate per second, each group containing two 
Small waves the rate per second were also 
1923, found the tremor rate averaged beats per 


1922, reported that the tremor was associated with groups 


three waves. 


present. Cobb 
second, each beat was associated with group deflections 


the rate per second. 


these groups the galvanometer 
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was not rest but gave smaller deflections the rate about per 
second. 

All these observers found voluntary movements associated 
with series action currents which tend grouped into volleys 
Bornstein and Sanger found these volleys absent the 
beginning such movements but appear after about The 
only difference which they found between static tremor and voluntary 
movement records were respect the amplitude, which was greater 
the latter, and the which were absent the 
former. confirmed the absence grouping impulses 
the beginning contraction and its reappearance after contraction has 
progressed for time. found series patients 
with varying degrees severity all stages transition 
between the normal electromyogram and one which well-marked 
volleys occurred the rate per second. was shown 
that such volleying maximal when aconstant tension being 
maintained given degree shortening, and disappears during 
stages tension increase progressive shortening reappear whenever 
the tension again kept constant. This disappearance volleying 
with increasing tension (shortening) was not found nearly the same 
extent during periods decreasing tension (lengthening). was shown 
that the tremor movement and volleying action currents were not, 
such, signs disturbed nervous function but occurred normal 
persons certain circumstances. They appeared all records from 
patients suffering from paralysis agitans level less effort and 
smaller tension: the difference between the electromyograms this 
condition and normal healthy persons being thus quantitative rather 
than qualitative. 

The electromyogram lestons the lower motor neurone.—Richter 
and Ford have studied the voluntary electromyogram cases 
anterior poliomyelitis, progressive muscular atrophy and syringoniyelia, 
They came the conclusion that such records were characterized 
the following changes. The frequency the primary waves reduced, 


and may low per second; while the muscle being 


stretched this increases the normal 50-per-second rate, but again 
decreases when the stretch maintained. There are sometimes two 
rhythmic series deflections each constant rate and appearing 
disappearing independently the other. amplitude, which 
usually constant, increased and there noteworthy lack pro- 
portion between the large deflections and the feeble The 
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duration each deflection short, per second compared with 
the normal per second. are secondary waves and 

remarkable freedom from should noted that 

these authors consider the latter due action currents 
the same origin the primary waves and arising from elements out 

phi with those which fuse give the larger deflections. They 

suggest that when the reflex arc only partially interrupted the 
motor side, voluntary movement still being possible, may impaired 
such degree that although the tendon responses are abolished, the 
proprioceptive control the innervation rhythm Yet 
they hold that simple interruption this reflex arc alone does not give 
the slower rhythm, for the frequency can vary appropriate circum- 
stances from per second, the transition from one rate another 
smoother than tabes dorsalis, and although the proprioceptive arc 
interrupted both cases the different. 

They consider that one their cases they were dealing with 
the motor horn cells widespread leave only few 
fibres that the low frequency was due insufficient 
number impulses passing through the motor horn cells produce 
average strong contraction and thus the higher frequency proprio- 
ceptive they believe accounts also for the simplicity 
the waves, their narrow base short duration and the freedom from 
contrast these results with the normal electro- 
myograms from cases muscular dystrophy which what remained 
the muscles could brought into full that the usual 
high frequency primary waves resulted. 

The electromyogram spastic conditions. Resting 
investigators have reported the presence action currents the spastic 
muscles when this fully supported and effort con- 
traction being made. This observation was made Gregor and 
Schilder using the calf muscles, which gave series small 
deflections groups rate per second. and Sanger 
recorded from the biceps the arm similarly discontinuous 
stream irregular action currents ata rate per second. 
1921 Rehn using needle electrodes, found alternate periods 
quiescence and activity the records from resting muscle case 
disseminated sclerosis, and Hoffmann, Hansen and von Weizsacker 
obtained similar records from the contractured limbs case spinal 
compression and from the calf muscles child suffering from cerebral 


diplegia. [56] similar diplegic case records continuous 
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stream tetanic Dauerinnervation’’ which considered 
characteristic spasticity cortical origin contrasted with the 
discontinuous volleys cases spinal damage. 

Passive movements spastic and Schilder 
obtained curves from spastic muscles when passively stretched which 
were distinguishable from those clonus only the higher frequency 
deflections (25, per second). von Weizsacker found that 
perfectly normal electromyogram was given passive stretch, and 
together with Hoffman and Hansen showed that the action current 
discharge persisted higher rate than resting unstretched muscle, 
for long after passive movement was complete. 

Voluntary movements spastic limbs.—Samkow (1912) found 
that voluntary movements spastic cases were accompanied regular 
action currents longer duration per second) and diminished 
frequency (11, per second). Gregor and Schilder found that 


spastic limbs which were still under voluntary control two rhythms 


competed for command the action currents. more normal, rapid 
rhythm predominated cases slight severity, except the beginning 
movement; the slower rhythm became more prominent 
spasticity increased. The beginning any movement was characterized 
small groups deflections the same rate the clonus, but during 
the course the movement they were spread out and the rate 
slower rhythm returned until the complete clonus rhythm was 
re-established. 

Bornstein and Sanger confirmed these results the following 
their groups six, seven eight action currents occurred only 
the beginning movement, after this the normal curve was present. 
From the fact that each action current lasted second they concluded 
that the conduction time through the muscle was increased. 

Gregor and Schilder found that tendency towards grouping 
the deflections was present during voluntary movements case 
flaccid hemiparesis; this suggests that the phenomenon not entirely 
result increased reflex excitability and proprioceptive interference 
with the innervation rhythm. 

Tabes and Schilder 1912, found that the 
electromyogram was altered cases tabes dorsalis only when the 
condition was advanced the characteristics were then diminution 
frequency, increase the duration and considerable variation the 
amplitude the individual action currents. addition, the intervals 
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between the large deflections the galvanometer were free from 
secondary waves and there was found inverse relation between 


the action current frequency and the amplitude. 
1921 von Weizsacker published detailed examination 


several patients suffering from tabes dorsalis. Certain characteristics 


the electromyogram were common all his cases, others varied 
from case case. Thus described the typical Bild der 
vergrosten, zackenarmen, verlangsamtern Ataxierhythmus occurring 
all severe cases, but not until high grade ataxy was present. 
one case action currents were detected either resting muscles 
those passively stretched, another the action currents present 
rest were increased passive movements. describes clear 
difference between the electromyograms isotonic and isometric 
contractions. his first case the amplitude was inconstant but 
increased and the rate was diminished (15 per second) with 
intervals free from secondary waves. Isotonic movements were associated 
with increase amplitude; isometric movements with 
greater decrease frequency. his second case, patient with far 
less ataxy, the isometric record was normal but that isotonic move- 
ments showed degree abnormality slighter than that present 
the more severe case, i.e., the rate was not much diminished and 
secondary waves were the intervals. Ina third case isometric 
contraction knee flexors gave deflections increased amplitude 
per second with secondary waves the extensors gave the same 
picture but for the presence few secondary waves. 

Richter and Ford 1928, reported very different results. They 
found that patients with slight degree ataxy gave electromyograms 
which the primary waves were less frequent and secondary waves 
were prominent. from those more severely affected showed 
primary waves but small secondary waves irregular frequency. 
They conclude that interruption the reflex alone does not yield 
slow rhythm, because although the are broken both tabes and 
affections the anterior horn cell the electromyograms from these two 
cases are quite different. Their results fit well with Fulton’s 
generalization that encephalization involves temporal i.e. 
that relative predominance the proprioceptive reflexes leads greater 
for here, diminution and loss the proprioceptive 
impulses have led decrease and exclusion the primary waves, with 
prominence and finally isolation the secondary waves. 

Weizsacker holds the other view, that the central nervous 
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discharge tabes slow, simpler (vereinfachter) unmasked 
liberation from the dispersive action the proprioceptive impulses 
which are normally present but lost impaired tabes. 

certain that the damage sustained the nervous system 
uncomplicated but severe cases this disease not limited that 
the root-entry zone which leads the loss deep afferent impulses 
There are many clinical reasons for supposing more extensive impair- 
ment function involving other central nervous mechanisms, and 
probably disturbance motor discharge apart from the secondary 
effects loss reflex co-operation, that attention must directed 
explanation the electromyographic changes. the execution 
all normal voluntary movements regarded resulting from graded 
liberation from control peripheral proprioceptive reflex mechanisms, 
then easy see how the impairment these mechanisms 
account for such serious disturbances are found tabes dorsalis 
But the balance evidence favour direct motor innervation 
positive sense from higher level, and seems probable that adjusted 
movements involving nice degrees co-ordination between different 
muscle groups are not carried out innervation distributing mechan- 
isms the cord. While probable that these innervation patterns 
have been learnt laboriously under the guiding influences sensory 
proprioceptive control, difficult believe that after years 
could grossly disturbed defect the sensory side 
may seen some cases tabes dorsalis. 

Involuntary movements and spinal Weizsacker 
studied the electromyograms from muscles active during spinal, co- 
ordinated, reflex responses cutaneous stimuli. found that 
these were identical with those voluntary movements. Others 
showed single large active currents separated intervals quiescence 
short tetani, the duration individual deflections being increased. 
From the fact that, spite complete functional interruption the 


spinal cord, such movements below the level damage may yield normal 


electromyograms, concluded that the form the 
deflection curve for voluntary movements must determined the 
level the anterior horn cells. 

Persistent clonus spastic muscle may associated with single 
action currents occurring the same rate the contractions (Gregor 
and Schilder knee-clonus, per second) with small groups 
action currents. (Gregor and Schilder hand- ankle-clonus 
waves, Bornstein and Sanger ankle-clonus waves second 
intervals). Gregor and Schilder thought that there was probably only 
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one motor discharge per beat, and that interference the muscle 
equator action currents arising different parts the muscle lead 
its apparent reduplication some cases. Hoffmann, Hansen and 
Weizsacker found that each clonic beat from the muscles 
case cerebral diplegia was associated with volley several large 
deflections. They also made the observation that each tendon-jerk 
obtained from spastic muscle followed temporary inhibition 
the pre-existing spastic discharge. 

Involuntary movements—chorea.—Bornstein and Sanger de- 
scribed for chorea electromyographic picture having extraordi- 
nary that paralysis agitans, that the action 
currents increased duration (0°03 second) occurred lower 
frequency (30 per second). From these observations they concluded 
that the conduction time the muscle, from the region nerve-entry 
the extremities, was increased. However, records differing 
wise from those normal voluntary movements have been obtained and 
described by Gregor and Schilder (31 Salamonson 61 and Cobb [12]. 

Rehn describes records from case torsion dystrophy being 
normal appearance except for tendency for the occurrence pro- 
longed groups (lasting seconds) regular action currents 
per second 

Although and Meyer had found action currents asso- 
ciated with maintained cataleptic attitudes when using skin-pad 
electrodes, Rehn obtained normal electromyograms from the same 
condition with needle electrodes, result confirmed Hoffmann and 
Weizsacker. Normal records from cases hysterical movements have 
been obtained Rehn and Cobb 

Convulsive state and the muscular cramps 
spasms associated with some cases lateral sclerosis give 
electromyographic records similar those normal voluntary move- 
ments has been reported Hoffmann [39], and Hoffmann, Hansen and 
Weizsacker [40], although Bornstein and Sanger had previously 
found action currents absent this condition. 

Tetanic spasm has been described unassociated with any form 
action current Salamonson and Semereau and Weiler [64]. 


(1) short account has been given the previously recorded electro- 
myograms normal voluntary movements man. have been 


compared respect the amplitude, form and frequency their 


individual deflections 
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(2) attempt has been made outline the principles governing 
the interpretation such records terms muscle activity and 
expressed terms the electrical and mechanical components such 
activity. 

(3) The principles underlying the known distribution the electric 
field about active, muscle strips surrounded conducting 
medium have been applied the case skeletal muscle 
made active the intact limb. 

(4) The inferences permissible with regard the motor discharge 
from the central nervous system during voluntary movements have 
been stated and the factors governing this discharge examined. 

(5) suggested explanation for the frequently observed dominant 
rhythm has been advanced. 

(6) The influence fatigue upon the action currents voluntary 
movements has been detailed. The effects such fatigue have been 
correlated under the term effort syndrome and the other conditions 
and modes occurrence this effort syndrome stated. 

(7) attempt has been made determine the site the 
mechanism responsible for the phenomena the effort syndrome. 
result the the existence mechanism having certain 
properties and located certain part the reflex system has been 
postulated. 

(8) Short summaries have been made the recorded characteristics 
the voluntary electromyograms obtained from patients suffering from 


different pathological conditions. 
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PROGRESSIVE HYPERTROPHIC POLYNEURITIS, WITH 
CASE REPORTS. 
RITCHIE 
ND 


HUGH GARLAND, 


PROGRESSIVE hypertrophic polyneuritis was first described 1899 
Goubault and Mallet and four years later was designated 
new clinical entity Dejerine and Sottas with whose names the 
condition usually associated. 

Pathological confirmation the diagnosis number published 
cases shows that the clinical picture varies within very wide limits, 
while the pathological changes themselves vary both detail and 
degree. Thus there may family history similar disease, 
cases reported Boveri and Dide and Courjon the disease may 
begin adult life (Ve Bruyn and Stern Harris and Newcomb 
and Long the course may characterized remissions 
the degree peripheral nerve enlargement may slight |3, 
very great, the cases reported Boveri and Souques and 
Bertrand 

Pupillary abnormalities, nystagmus and 
described features the disease, have been present few cases 
only exophthalmos one family and persistent cases 
reported Pierre Marie introduce additional features. 

The wide variations the symptomatology make any attempt 
describing types the disease valueless, and must acknowledged 
that there are only two constant clinical features, namely, 
atrophy and the peculiar enlargement the peripheral nerves. 

The cases here described illustrate again the variability 
clinical picture. Case shows extreme wasting and enlargement 
the peripheral nerves young adult; Case the other hand, 


wasting one hand was noticed for the first time the age 


pes cavus had been present since childhood, and five relatives show 


neurological changes probably related the same condition. 


PROGRESSIVE HYPERTROPHIC POLYNEURITIS, WITH CASE REPORTS 


Cases and have been 


examined in-patients the 
National Hospital, and the diagnosis has been confirmed 


The other five patients have been visited home, and are not under 
medical supervision. 


Case 1.—G. F., 
Macdonald Crite! ley n 


ile aged 32, is admitted to hospital under Dr. 


1930, complaining progressive weak- 
wasting the hands and feet. 
There was history illness the parents, who 


ness and numbness the limbs 


had one other child 
had tuberculous cervical adenitis, but 


history illness more distant relations available. 


patient suffered from measles, 


now healthy and active 


and chickenpox 
severe attack influenza 1918 (when the 
She 


as 


temperature 
had been troubled with all her life; 


or hwmoptysis, but there was an attack of pain In t 
For the past few years there had been 


. though she had never 


weighed more than 


there 


progressed, and was always 
na hot room. ‘or several vears 
over the body, but most marked 
months Numbness the 


‘ ha + | 
, and she stated tf l 


“ii val it i 


hands, varied 
She had 


flickering from ti: 


emaciated woman (we 


vality of higher cerebral funct 
are normal, there is a rapid, 
t, and a mild degree of bilateral 

the face weak both voluntary and emotional 

arms proportion the general emaci 


ion which becomes extreme the 
Grip is moderately good on bot! 
intrinsic hand muscles. There 
-nose test is accurately carried out 


ane 
The 
child, and aa 
reached | 
never been sputum 
chest several years : 
Menstruation was regular until she was 24, when was amen 
tor the menses were regular from 1926 1929, but sinee 
then there been complete suppression. 
The first definite symptom of the present illness was weakness of the legs, 
noticed five years ago. hands 
leveloped This weakness ste ( ked 
n the sun er or it she was here ad 
een attacks stabbing pain hand 
na leet nd worse in the sum and feet 
been progressive throughout she knew nothing 
feet unless she could see feet 
vivid red, according the room ticed flickering 
sensation the skin and had seen time. There 
fundi and pupill ry rea 
nystagmus looking 
lowe! part of che 1 cht si 
movements The 
eneralized wasting of bo 
well-marked distal hand 
muscles, especially ides. 
but there 1s extreme W is a 
fine rapid tre r ot irser 
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There extreme wasting the legs, which the 
middle and lower thirds the thigh and towards the periphery 
The feet are inverted and plantar There full range active and 
passive movements the hips and knees, though all movements are weak 
There practically active movement the ankle-joints, 
dorsiflexion limited and painful. Tone diminished both legs. 
heel-knee test carried out both sides with slight The trunk 
muscles are strong and are not wasted Fibrillation seen 
the arms and thighs. Gait steady and progress fairly rapid, but the feet 
ire lifted very high; there good deal unsteadiness when turning and 
well-marked Rombergism. 

There considerable sensory disturbance. Pain sensibility practically 
lost over the arms and fore-arms and between the knees and ankles, thoug! 
there little impairment over the hands, and trunk. Light touch 
normally appreciated. Temperature sensibility only lost 
the feet. discrimination very defective over the hands and feet 
ind vibration not appreciated below the knees. The sense position and 


passive movement very defective the toes, but not impaired the 


fingers. Deep pressure pain lost below the knees. There intense 
motor change inthe feet, with less marked change and excessive sweating 
the hands 

There great and generalized enlargement the peripheral nerves; the 
the upper arm and 


nerves are hard and painless and are especially noti 
neck. The internal cutaneous nerve the arm visible thick, beade 
cord (fig. and there extreme enlargement the ulnar 
popliteal nerves. 

All the tendon-jerks are very sluggish and the supinator and ankle-jerks are 
absent. The abdominal and plantar reflexes could not obtained. 

The long and narrow with impaired movement the right side 
the percussion impaired both apices, and there prolonged expiration 
with numerous crepitations all over the chest. 

The nails are lilac tinted. 

X-rays show opacity the right apex with numerous areas 
throughout both lungs. 

Special 130/84 mm. The red-cell sedi 
mentation one hour. The blood-Wassermann reaction negative 
resting blood-sugar mgm. per cent. with normal curve after the ingestion 
slucose. There was sputum and tubercle bacilli the faces. All the 
muscles the arms, fore-arms and hands show partial reaction degeneration 
the response can obtained with large the galvanic response 
typically sluggish. The muscles the show partial R.D. The 
muscles show complete R.D., response being obtained with 
bearable (Dr. Bailey 

admission hospital the evening temperature was 99° and the 


rate 100. administration potassium iodide, the temperature 
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healthy looking man 
abnormality speech 


pupillary reactions 


PROGRESSIVE HYPERTROPHIC POLYNEU CASE 
rose the pulse-rate cough inereased but remained 
unproductive. withdrawing the iodide the temperature and pulse-rate fell 
their pre levels 

\ppetite improved sulin units t.d.s.), remained 
Stationary. 
was performed under local anwsthesia and piece from 
the int cutial ) n thre It arm This was irre ilar] I ckene l, 
varvil ror ) to 3 mm.in diameter (f 2). On cross-section about 
ree nds eneous gelatinous tissue were seen; the finely 
structure normal nerve was completely lost 

Cel tained with van Gieson showed each the three strands 
sul definite, and probably norn perineu sheath; and 

this nerve-fibres considerably separated from one another, each 
su 1 zone of concentrically arranged connective tissue 

t there we sualhy or more iclei near the cer In sa cleat 
faint ith this stain When stained the Weigert-Pal 

thod, mo ‘ I ! fibres showed a definite, t uch nh, ‘ » si th 
fig Oceus l two n velinati i fibre were see »> run one endo 
neural sheat the interstitial spaces were seen large irre lar cells 
cle cytop! nad lar rregulal nuele thie ppeared to be of « ( thelial 

Case male, aged 38, was admitted 24, 1930, 
nae 1) Kinnte Wilson, cor pli ning of wasting of the nmeght hand 

tle w a \ small hoy and was able to | Pootball and 
ther games left 14) his toes began contract and 
his feet nge shape then found that could not run well 
formerly and that was less steady his feet. disability his feet 
has not progres | during the last twenty year’s 

He about e glass « beer per we k. He a Ltorekeeper and 
frequently handles while work 

Three wu a half months ago, coincident with the onset of colder wi ither, 
noticed imbness the index finger the right hand, and that when 

hands were cold his pen slip out position. There was also some 
wasting ol the hand about #iiiihe consulted h doctor. No s Vinptoms 
uggestive plumbism were present. remains quite fit for his work and 
spends all dav on h ieet There | F 

average intelligence. There the 
cerebral functions The fundi and 

BRAIN al 
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external ocular movements are full and there ptosis strabismus. Fine 
horizontal nystagmus present looking both the right and the left, 
the quick component being the direction gaze. (This not constantly 
present.) The other cranial nerves show abnormality. 

There is considerable wasting of all the small muscles of the hands and of 
the fore-arms, especially their distal halves. This much more pronounced 
the right side. Power proportion the degree wasting. 
There weakness wasting the upper arms. 

The outstretched arms maintain their posture, but small movements the 
fingers are seen both sides and are associated with fibrillary twitching 
the muscles. Co-ordination tests are accurately performed. abnormality 
muscle tone was detected. There marked upper dorsal scoliosis, convex 
the right. trunk and abdominal muscles show abnormalit 

There bilateral pes cavus. Wasting the anterior tibial and peroneal 


muscles is marked in both legs, and this is associated with marked weakness. 


ordination good. fibrillation seen the lower extremities. 

All the muscles both hands show partial R.D. well the 
Hexors the right fore-arm. The extensors the right fore-arm gave normal 
responses. leg the tibialis anticus, peronei and extensor digitorum 
brevis show ee mplete, and other muscles partial, R.D. All muscles of the left 
leg show partial R.D.” (Dr. Bailey.) 

\ll the tendon-jerks are absent. The abdominal reflexes are present, but 
sluggish. Both plantar reflexes show frank extensor responses (no weakness 
the toe 

There sensory loss pin-prick cotton-wool. Temperature 
sensibility, sense position and passive movement are all normal and 
vibration normally appreciated. There the muscles, but 
the soles the feet are unusually sensitive. 

There considerable enlargement all the peripheral The median 
nerves the cubital are particularly large, and the course some the 
cutaneous nerves the fore-arm visible through the skin. The nerves are 
tirm and their surface feels slightly irregular. tender firm 
pressure 

The gait steady and brisk. There drop-foot the right side 
sign not present. 

Examination the respiratory and genito-urinary systems 
reveals abnormality. 

Special investigation,—The cerebrospinal fluid clear and cells 
per (20 per cent. large mononuclears), total protein per cent., 
Nonne-Apelt test weakly positive, Pandy test negative, Lange 0011100000, 
Wassermann reaction negative. Blood Wassermann reaction negative. X-rays 
show absence cervical ribs: test meal shows complete 
achlorhydria (total chlorides 0°3 per cent. after one hour). The blood-picture 
normal. 
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PLATE XVII. 


Fic. (Case 1).—Cross section nerve. Weigert-Pal stain. 


illustrate paper Ritchie Russell and Hugh Garland. 


Fic, (Case the nodular enlargement the internal cutaneous nerve. 
(Case 1).—Resected portion internal cutaneous nerve, 
= = \. 
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PLATE XVIII. 


Fic. (Case bundle the nerve resected. show the thickening 
the endo- and peri-neurium. Scharlach 200. 


(Case portion the same bundle under higher magnification show 
the nuclei and concentric lamell the endo-neurium. Scharlach 1,000. 


illustrate paper Ritchie Russell and Hugh Garland 
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portion the internal cutaneous nerve the left arm was removed 
under local 

Frozen sections show some separation the individual 
fluid mucoid infiltration. individual myelinated fibre also surrounded 
several layers connective tissue capsule which zone 
least wide the transverse diameter the myelin sheath. celloidin 
sections, which the nerve-fibres are more shrunken together than frozen 
sections, the appearance that isolated myelinated fibres separated from 
one another dense and fairly wide envelopes fibrous tissue (endoneurium) 
The perineurium much thicker than normal. The interstitial spaces appear 
contain more nuclei than are seen Case which the condition 

history some abnormality apparently related 
this patient’s condition was found eight other members his family. Five 


of these have been examined (fig. 6). 
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norma 


The patient’s mother’s father died stroke the age 65. had 
curvature the spine and used lift his high when walking. feet 
were very small, but deformity was noticed. mother had nine 


brothers and sisters, none whom was any way abnormal. 


Case 3.—The mother Case now aged 65; she has had difficulty 
walking ever since she had severe attack rheumatic fever when aged 
She has had wear special boots since that time owing deformity the 


feet. She has suffered severely with for twenty years, which has 


necessitated her using bath chair. She has had stabbing pains the hands 
for twenty years. 

pupils sluggishly light The outstretched 
hands are tremulous. All the tendon-jerks are absent, and the plantar reflexes 
are indefinite. Theve very pronounced pes equino-varus both sides, and 
gross arthropathy with disorganization both knee-joints, allowing about 
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lateral movement, and extreme genu valgum attempting tostand. Passive 
movement these joints causes little pain and they resemble very closely the 
joints tabes dorsalis. There considerable arthritis the joints 
the fingers, causing awkwardness and weakness fine movements the 
fingers. fibrillation was seen. sensory loss pin-prick, nor light 
touch, nor loss appreciation passive movements was detected. 
This patient has five children alive: 

Al., male, who quite normal. 

Al., female, aged 42, (Case 

E., female, aged 40, quite normal (with children 

W., male, aged 38, (Case 2). 


Et., female, aged 34, quite normal (with children). 


Case female, aged 42, has had difficulty walking since the age 


12, together with deformity the feet. There has been wasting the 


right hand for the past seven years. Four years ago she had severe pains 
both hands and fore-arms for seven weeks. and following this great 

ness of the hands developed. This has improved considerably since then. 
Five years ago there was some numbness her right hand. 

pupils are average size, but react sluggishly light. 
There ill-sustained nystagmus lateral deviation the eyes. The 
cranial nerves show other abnormality. There pronounced wasting 
all the small muscles the hands, especially the first dorsal inter 
the right hand more affected than the left. There 
the distal half each fore-arm. 

There marked degree bilateral pes cavus and there some wasting 
the muscles below the knees. The feet are very cold. All the tendon- 
jerks are absent. The plantar responses are both flexor. 

There some diminution pain sensibility over the right foot, and the lower 
part the leg, but there other sensory loss. The accessible nerves 
easily palpable and are probably larger than normal; they are hard and not 
all tender deep pressure. 

Case has three children 

female, aged (Case 5). 
female, aged (Case 6). 


male, aged who was examined and appeared quite 


Case female, aged 13, quite healthy, but her hands have always 
been shaky, especially the morning. She apt fall while playing games 
operation for bilateral pes cavus was performed the age years. 

some ill-sustained nystagmus looking each side. The hand 
are tremulous and are little unsteady co-ordination tests. 

All the tendon-jerks are absent: the plantar responses are 


sensory loss was discovered. 
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The aecessibl nerves ure easily palpable they are hard and are not tender 


deep they are probably not enlarged 


6.—C. female, aged 11, has health. She had 


Vitus’ the age but has had other illnesses. The 


mother thinks she normal every way. 

She well-developed child, both physically and mentally. 
The pupils are normal. There ill-sustained nystagmus looking both 
the right and left tremor other motor disturbance was observed. 

All the tendon-jerks are absent; the plantar responses are both flexor. 


There deformity the feet and sensory loss could detected. 


female, isa first cousin (Case 2), being the daughter 
his mother’s brother. She has brothers sisters; her mother has had 
misearriages. The patient became unsteady her feet the age and 
has become steadily worse. She has developed curvature the spine. 
operation was performed both feet when she was but there was 
improvement. year ago she had acute febrile illness with swelling both 
knees, and recovering from this she noticed numbness and pins and needles 
both hands, and some difficulty using them. This disability 


has impre ved since then She has no pain now except in her feet. 
The patient thin and pale; she normally developed 
mentally. arenormal. There ill-sustained nystagmus looking 


the right and the left. The other cranial nerves show abnormality. There 


obvious the upper limbs, but there some tremor the out- 


hands, especially the right. Power all muscle-groups fair. She 
ean hyper-extend ner fingers the metacarpo-phalangeal joints right 
angle. She has marked kypho-scoliosis and extreme degree club-foot 
both sides. The range movement the ankle-joints very small, the 


dorsiflexors the feet being especially weak. There gross wasting the 


legs 


All the tendon-jerks are absent; the plantar are doubtful. 


sensory loss pin-prick was discovered; sense position normal. Light 


uli are not normally appreciated over irregular areas her legs. 


tactile stim 
All the palpable nerves are enlarged; they are hard, and are not tender 


deep pressure. 
This mother’s sister has four children none these was examined, 


but one, aged 36, has something wrong with his 


DISCUSSION. 


Various opinions have been expressed with regard the nature 
this disease and its relationship other familial conditions. 

Marinesco, Raymond, Bedaschi and Long [8] have regarded 
variety Charcot-Marie-Tooth’s disease. the other hand, Souques 
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and Bruyn and Stern have claimed separate identity for 
hypertrophic neuritis, both clinical and pathological. 

The close resemblance peroneal atrophy shown Case but 
there was also the rosarv-like enlargement the nerves which Bielschow- 
sky [1] considered one the features which related these cases 
pheral nerves well-known phenomenon von 
disease and has been described Thomson his monograph 
this subject. 

The presence definite extensor plantar response Case and 
between hypertrophic neuritis and the familial ataxias. 

Despite the close relationship other diseases which sometimes 
apparent, seems advisable regard the condition separate 
entity until more conclusive evidence its relationship other diseases 
established. 

SUMMARY. 

(1) Progressive hypertrophic polyneuritis appears clinical 
and pathological entity. 

(2) The symptomatology extremely variable. 
the nerves and wasting muscles are the only constant changes. 

(3) Seven cases are described, two which the diagnosis has 
been confirmed microscopic examination the nerves. 

(4) this series nystagmus and absence tendon-jerks are common 


all the cases. 


wish thank Dr. Kinnier Wilson and Dr. Macdonald Critchley 
for permission publish these cases, and express our indebtedness 
Dr. Greenfield, who has directed the pathological investigations 


and kindly supplied the photomicrographs 
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Les Plerus Par Dr. Pp. 
Masson Cie. 1930. Price francs. 


This essay the choroid plexus divided into three chapters which deal 


respectively with the anatomy, physiology and pathology the plexus and the 


intimate relationship, especially the cerebrospinal 


structures with 
fluid and epe! 


The chaptei on ana ny is ec neise ind straightforward enough, but in 


attempting deal with the physiology the choroid plexus and cerebrospinal 


fluid, the has become involved maze conflicting and even con- 
tradictor) ries and observations from which she makes but half-hearted 
extricate herself. Much this confusion might have been avoided 

had paid much attention the latest work she has some 
observations. The chief which will levelled against this part 
the book that completely neglects the Donnan membrane theory its 
relation cerebrospinal fluid which much recent work 
based. the chapter pathology some useful facts are collected, but the 
limited nature the author’s material has prevented her from adding much 
mportance. She satisfied, however, that there little qualitative difference 
the effect which different diseases and intoxications produce the choroid 
plexus. The chief differences lie the fact that acute conditions affect the 
epithelium and more ones the vasculo-conjunctival structure the 
plexus. This chapter contains some material which unfamiliar most 


neurologists, and more value than the rest the book 


Teknik der Untersuchung des Nervensystems. von 
4th Pp. Berlin: Julius 
Springer. 1930. R.M. 11.40. 


The fourth edition this valuable laboratory handbook preserves the 
format the last edition, and little increased size, spite the addition 
much new material. This has been made possible the sacrifice older 
methods they are replaced newer ones. For example, old-established 
methods for staining neuroglia, such those Bevan Lewis and Bethe, 
have been omitted make room for the various modifications Hortega’s 
silver methods. are glad see the inclusion several English methods 
which were absent from the last edition, such Victoria blue 


386 NOTICES RECENT PUBLICATIONS 


stain for neuroglia, Perdrau’s silver stain for fibroglia and metho 
for peripheral Another addition the enlargement 
the section the staining nervous tissue. 

book this size impossible include everything, and two notab 
omissions are Busch’s osmic acid method for myelin degeneration, und the us 
formol saline Kaiserling’s fluid fixatives. indeed surprising 
see that solution formalin water still recommended fixative 
the nervous system. But every laboratory worker has his individual preferences, 
and appears impossible, especially with the nervous system, 
standardize technique. therefore all the more valuable have 
tion, compact and practical form such this, the technique used 
Kaiser Wilhelm Institut Munich. 


Nouveau Traité Psychologie. Tomel. Notions 


This the first volume series which normal psychology (in eig! 


t 


volumes) and pathological psychology (in two) are presented 
noted French authorities Janet, Claparéde, Clerambault, Séglas, Piaget 
Pieron, and many more. 

The present volume mainly introduetory. Articles the place 
the animal series and the data anthropology are tokens thoroughness 
the general plan the work—the first Perrier, the second Rivet. The 
physiology age and sex dealt with Champy, Pézard’s work this 
naturally receiving much attention; conformably the present state 
knowledge the writer confines himself largely comparative observations, wit 
none those hardy incursions into conjecture and ill-founded affirmation whic! 
are met with, especially among psychiatrists, this matter. Lapicque, 


} 


for his distinguished research into chronaxy, deals with the general physiol 
the nervous system, chiefly the light his special studies. 
competent article the special physiology the system 
chapter great interest Henri Wallon the biological problems 
consciousness the influence von Monakow here strongly evidence, and 
the phenomenology Jaspers discussed some detail. this point 
the notions come end, and there follow the first two 
chapters Book introduction psychology Dumas, the general 
editor the series, and André Lalande’s conspectus methods and aims 
psychological investigation. 

this volume the discussion one would expect, from philosophy 
physiology, but balanced and restrained. The bibliographical lists are 


means restricted French works. The volume well illustrated 


has index. 


i, 
AD 
| 
A 


NOTICES RECENT PUBLICATIONS 


University Press. 1930. Price 3s. 


Dr. Hart well-known little book appears the fourth edition, little changed 


from its first form eighteen years ago. introduction has been added 


dealing chiefly with the development psychopathology expressed the 


teaching of Janet and Fre ud, and most of the footnotes of former « ditions have 


heen taken up Into the text. It Is scarcely necessary to say that the book 


fulfils its modest aims admirably intended for the beginner and the layman, 


ts sin plicity is a me rit, even tl ough it fails to indicate the creat complexity ol 


the problems concerned 


The Basis Epilepsy. Tracy, M.D.(Harvard), 
Director the Epileptic Clinic Forsyth Dental Infirmary, 
Boston. 1930. Rich. Badger, Boston, Pp. 


The thesis this work based upon the observation the intense colour 


ind duration the white streak vaso-constriction that followed stroking 


epileptics with grand and petit mal. The time variability 


addition the above were noticeably different from that normal control 


the skin 


contains the time observations detail the whole investigation, 


and illustrated with pictures the reaction, and the methods for eliciting 


The 


regarded entity having vaso-motor capillary constriction the 


these findings the conclusion that epilepsy must 


argues 


brain the physio pathology the disorder. 


Vedizinische Psychologie. von fiir 
Psychiatrie Marburg. 1930. Leipzig: Geo. Thieme Verlag. 


Pp. 259. Price marks. 


This is the fourth and enlarged edit on ot this now celebrated volunn 


The book written the light fundamental principles. The well-known 


re ction type theory of Its author is fully discusse l, and his bi )] wical theory 


hysteria also given extended form. This book only awaits translation 


oO make it more wi lely and deservedly accessible to all English psychiatrists. 


Mental Development the Child, BUHLER, Professor 
the University Vienna. 1930. London: Kegan Paul. Pp. 170. 


Price 6d. 


The author ly brought Tovrelhel in i briel space the contents ol a laa Cl 


work on the psyeh jlovy of the child. lt attempts to trace the biological 


oundations psychology, and consequence passes systematically 


through child development, pausing inheritance mental qualities, 
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and dealing length with the perceptual world the child. Imagination 
considered general, and particular reference its operation fairy 
tales. particularly good chapter devoted the development drawing 
The the book are obvious the treatment the life 
and the inner life The contact with other human beings, 
the parents, who have the first and lasting the instinet and 
emotional life both inereasing and deflecting affectivity, not dealt with 
all. now generally admitted that some the striking features 
child life spring from these relations the parents The authoi 
has use whatever for this approach, and ignores 


work Freud. 


Imagery, and Typological Methods Investigation. 
JAENSCH, Professor Psychology the University Marburg 
1930. London: Keyan Paul, Psychology. Pp. 136. 
Price 7s. 6d. 


The classification human beings according their exercised 
mind Francis Galton. Little did appreciate, however, the extent 
which the study imagery under laboratory conditions could applied the 
wider fields medicine and psychology. this work Professor Jaensch, who 
has with his brother been pioneer experimental work type 
the eidetic, has outlined the method detecting this imagery. The 
eidetic image from both after images and memory images that 
more closely related form and behaviour actual perception. This typo 
logical study mere exercise psychology, for digs deeply int 
the the human organism. For example, found that ther 
much this the case that the author has discovered relationship between 
this type imagery and tetanoid and basedowian syndromes. The image 
variations thus studied are not regarded pathological, but are due 
functional peculiarities the system characteristic certain 
youthful stages development. 

Linked with the Jungian classification mental types, 
type classification, the application Jaensch’s work both 


pedagogics and psycho-pathology promises much fruitful discovery. 


The Laws Feeling. 1930. London: Kegan Paul 
Pp. 208. Price 10s. 6d. 


This carefully reasoned essay was not known England, 
there now excuse for English readers ignore theory feeling whic! 
must have profound effect the theories emotion. Hitherto English 
psychology has been held the theory thesis is, broadly, 
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that feelings well emotions the accompaniments and tone colour 
ings of the instincts in act ! but are due t arrested tendency It rests 
still more profoundly the view that mat essentially 
unadapte l inimal nd t t feeli gs nd emotion re {| esult oft this 
! iladaptation 

Psve 10-} itho n muc i il data relatiy i pie ind the 
complexes that spring from it, lends supp this 
neurology, too, particularly the relationship the 
tl tlamus Ve Col borati ol this t \ 


Writers Articles and Clinical Cases” are supplied free charge 
with copies reprinted the form which the paper stands the pages 
Brain.” reprints are required pamphlet form, with wrapper, title-page, 
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